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Chapter 1: Introduction 
Literature Review 
Plant pathogens that are capable of inflicting moderate to severe loss in crop yield 
collectively cause billions of dollars in economic loss each year and contribute to inadequate 
nutrition for over 1 billion people 1, 2.  Plant pathogens are diverse, encompassing all 5 
kingdoms of life in addition to viroids and viruses. These diverse pathogens also have 
distinct strategies they employ to infect plants. Plants, on the other hand, occupy one 
kingdom and most important crop species fall within just a few families. Understanding plant 
responses to pathogens as it relates to immunity, infection, and symptom development may 
lead to new methods to increase plant health and productivity. Advancements in biological 
assessment technologies, most notably gene expression profiling, has greatly increased our 
understanding of host genetics in the response to plant pathogens. However, new 
experimental approaches using gene expression profiling may offer additional clues into how 
plant defense operates, influencing the current paradigm. 
Host responses to plant pathogens 
Non-host resistance occurs when all cultivars of a plant species are resistant to a 
potential pathogen. This form of resistance governs the vast majority of plant-pathogen 
interactions and in plants is both constitutive and inducible. Constitutive defenses such as 
secondary metabolites, antimicrobial enzymes, or cell wall composition may alone be 
sufficient to prohibit pathogen colonization 3, 4. Inducible non-host resistance occurs through 
plant perception of pathogen-associated molecular patterns (PAMPs). PAMPs are also 
referred to as general elicitors and are often common molecular structures of microbes, such 
as chitin or lipopolysaccharide of fungal and bacterial cell walls, respectively 5. Plant-
encoded receptors mediate recognition of PAMPs and activate defense responses referred to 
as PAMP-triggered immunity (PTI) 6. PTI involves a signal transduction cascade commonly 
leading to the production of secondary metabolites, reactive oxygen species, pathogenesis-
related proteins, cell wall reinforcement, accumulation of salicylic acid, and hypersensitive 
programmed cell death 3. 
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Regulation of gene expression in plant-pathogen interactions 
Plants undergoing PTI have been evaluated for changes in mRNA transcript 
abundance using DNA microarray platforms. In one such study, lipopolysaccharide and 
chitin were separately applied to rice cells to measure gene expression changes in rice to 
these two distinct PAMPs 7. Though the plant receptors to these two general elicitors are 
presumably distinct 8, 9, gene expression results indicate similar transcript profiles, suggesting 
these pathways converge. 
Despite the efficacy of constitutive defense and PTI in the vast majority of plant-
pathogen interactions, host-adapted pathogens are able to suppress these defenses through the 
delivery of pathogen effector proteins and establish effector-triggered susceptibility (ETS) 6. 
These interactions that result in disease are known as compatible interactions. Arabidopsis 
was monitored for gene expression changes in response to two strains of Pseudomonas 
syringae pv tomato DC3000. One strain carried an intact type-three secretion system (T3SS) 
for delivery of effector proteins, and the other was avirulent because it lacked a functional 
T3SS (T3SS-). These bacteria elicited similar gene expression changes in Arabidopsis at 2 
hours after inoculation (hai) putatively identifying genes involved in PTI 10. The expression 
of approximately 1/5 of the putative PTI-responsive genes was modulated at a time point 
following pathogen effector delivery, suggesting that one of the ways in which effectors may 
suppress plant defenses is through affecting host gene expression 11. 
Plant viruses encode effectors that suppress host RNA silencing, preventing the 
destruction of their genomes and permitting infection 12. Profiling compatible host gene 
expression in response to diverse viruses reveals patterns of defense transcript accumulation 
similar to that observed from other pathogens 13, suggesting PAMP-triggered defenses may 
also be activated against viruses 14. Viruses are intracellular pathogens that rely on the host 
translation machinery for their gene expression. Therefore, any such PAMP-triggered 
defenses must be through intracellular perception of viral encoded genes or the secondary 
effects of these gene products on the host. Using the Arabidopsis ATH1 oligonucleotide 
array, Yang et al. 15 probed host gene expression responses to a GFP-tagged Turnip mosaic 
virus (TuMV) at 5 days after inoculation (dai) utilizing a macrodissection approach that 
monitored gene expression in infection foci and immediately adjacent leaf areas. This study 
3 
 
showed no significant alteration of host gene expression in advance of virus spread. Tissue 
including the infection foci displayed a dramatic induction of ribosomal proteins (RPs) and 
proteasomal degradation components, accumulation of defense transcripts, and the 
suppression of transcripts involved in cell wall expansion, sulfur assimilation, and the 
chloroplast. The repression of genes involved in cell wall expansion may be responsible for 
stunting observed in response to TuMV, while the induction of host RPs may assist in viral 
gene expression. In a subsequent study by Yang et al. 16, silencing of RPL19 or RPS6 in 
Nicotiana benthamiana inhibited TuMV infection. These studies indicate TuMV, like other 
plant pathogens, seems to modulate host gene expression in ways that aid its infection and 
influence host symptom development. 
To counter ETS, plant resistance genes (R-genes), which confer race-specific 
resistance to host-adapted pathogens, recognize pathogen effectors and trigger immunity, in a 
process referred to as effector triggered immunity (ETI) 6, 17. ETI was originally described in 
genetic terms as the gene-for-gene hypothesis in which one plant R-gene confers resistance to 
a pathogen carrying the cognate avirulence (AVR) effector 17. Caldo et al. 18 studied near-
isogenic lines of barley that contained introgressed Mla6 and Mla13 resistance gene alleles 
specifying resistance to the powdery mildew (Blumeria graminis f.sp. hordei (Bgh)) isolates 
5874 (AVRa6) and K1 (AVRa13), respectively.  Through an understanding of the time course of 
Bgh infection of barley, Caldo et al. were able to evaluate changes in transcript abundance 
corresponding to PTI, ETS, and ETI. In this system, the delivery of pathogen effectors likely 
coincides with the formation of the fungal haustorium at 16-20 hai. Transcripts potentially 
involved in PTI were therefore evaluated by comparisons of time points from 0-16 hai. 
Nearly 200 genes that were strongly induced from 0-16 hai show decreased transcript 
accumulation from 16 to 32 hai specifically in the compatible genotype, though these 
transcript levels were often still considerably induced versus the 0 hai timepoint. In contrast, 
from 16 to 32 hai, ETI in the incompatible genotype shows maintenance if not increased 
expression of these genes. This pattern of induced expression during PTI and ETI, and partial 
suppression during ETS, supported a role for these genes in plant pathogenic defense. 
Reverse genetic analysis of genes matching this expression profile shows that at least three of 
these genes contribute to quantitative resistance, while another influences qualitative 
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resistance of barley to powdery mildew 19, 20. This supports the general hypothesis that genes 
possessing this expression pattern have roles in plant pathogenic defense. 
As in barley resistance to powdery mildew, analyses of other incompatible plant-
pathogen interactions have shown the common induction of PTI genes, modulation of PTI 
gene expression in ETS, and maintenance or increased PTI gene expression during ETI 21-23. 
This suggests that ETI generates robust gene expression changes and that susceptibility may 
arise out of kinetic and quantitative differences in gene expression. 
As the studies mentioned above indicate, much has been learned regarding plant-
pathogen interactions through the use of gene expression profiling techniques, most notably 
among these techniques the use of high-density DNA oligonucleotide microarrays. Such 
studies have been used to describe various plant defense responses and have led to informed 
hypotheses on the function of differentially expressed genes. The validation of the roles of 
these genes in plant defense confirms the overall approach, and has added to our knowledge 
of plant defense. The consequence of wide-spread use of gene expression profiling is that 
emphasis is placed on the host transcriptional response, while relatively little is yet known 
about how plant pathogens may affect host translation. Even among plant viruses that 
directly interact with the host translation machinery little is known about the in vivo affects 
on translation. This gap in our knowledge is in part due to the traditional use of total RNA to 
prepare labeled copy RNA for hybridization to DNA microarrays. Transcripts of individual 
mature mRNA species may exist in processing bodies, storage granules, or be poorly or well 
associated with polyribosomes 24. Therefore total mRNA measurement in a DNA microarray 
experiment can cause misleading interpretations regarding the importance of mRNA species 
that are of high abundance that are not well translated or those of low abundance that are 
very well translated. To address these issues, polyribosomal RNA should be used in DNA 
microarray studies to better understand host transcriptional and translational processes in 
response to diverse pathogens. 
The appeal of polysomal RNA profiling 
To my knowledge no mRNA transcript profiling study of a plant-pathogen interaction 
has been conducted utilizing the polyribosomal (polysomal) RNA fraction. The benefits of 
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using the polysomal RNA fraction in DNA microarray analysis involve three major factors. 
First, DNA microarray analysis still offers advantages over proteomic analysis. Proteomics 
data would be superior to data derived from the polysomal RNA fraction analysis by 
providing protein concentration levels and data on post-translational modifications. However, 
individual proteomic methods cannot provide data on all or the majority of encoded genes as 
can high-density DNA oligonucleotide microarrays.  DNA microarrays are also more 
reproducible and lend themselves easily to meta-analysis of multiple experiments. A second 
major reason to assess the polysomal RNA fraction is because mRNAs are evaluated for 
which translation initiation has already occurred. Of the three basic steps in translation 
(initiation, elongation, and termination), initiation is the rate-limiting step of translation under 
most circumstances 25, 26. mRNA may be unavailable to the translation machinery such as 
localized in storage granules or processing bodies. mRNAs may also be available for protein 
synthesis, yet be very inefficiently associated with ribosomes for translation. Therefore, the 
polysomal RNA fraction provides a more reliable prediction of the proteome, because it 
captures only those mRNAs that are actively translated at the time of sample collection. This 
enhanced predictive capacity provides superior candidate gene selection for functional 
analyses. The third and arguably most interesting use for expression profiling of the 
polysomal RNA fraction is that mRNA transcript levels can be analyzed in parallel with their 
levels in the total RNA fraction derived from the same sample. This parallel analysis permits 
discovery of mRNA transcripts that may be of low abundance in the total RNA fraction, yet 
highly associated with polyribosome fractions and well translated, or vice-versa, identifying 
selectively translated mRNAs. The parallel analysis of polysomal and total RNA fractions in 
gene expression profiling may permit discovery of unique modes of host translational 
regulation influenced by the interaction with pathogens. 
Contrasts of the polysomal RNA fraction with non-polysomal or total RNA fractions 
in DNA microarray studies have been conducted since the late 1990s, while the first 
experiment of this type in plants was published in 2004 27. Work in Arabidopsis has shown 
mRNAs to be differentially loaded with ribosomes, varying from <5% to >95% loaded when 
comparing polysomal to non-polysomal RNA fractions 27.  Comparisons of polysomal to 
total RNA of the barley aleurone following seed imbibition showed that nearly 3,000 
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transcripts present in both RNA fractions had over a 2-fold difference in transcript abundance 
28. A recent analysis in Saccharomyces cerevisiae that used a novel approach to precisely and 
powerfully analyze the polysomal RNA fraction included deep sequencing of nuclease-
protected ribosome-associated mRNA.  This analysis showed that approximately 1/3 of the 
5,000+ genes analyzed were translationally regulated 29. These studies indicate that 
translational control is exerted on the expression of many mRNA transcripts. 
Due to differences in transcript abundance between RNA fractions, the use of 
polysomal RNA permits researchers to find genes that differentially accumulate in this 
fraction that might otherwise escape recognition from conventional total RNA profiling.  
Conversely, mRNA transcripts that are identified by total RNA profiling as significantly 
transcriptionally regulated likely hold no significant biological relevance if they are not 
associated with ribosomes and thus translated. Contrasts of polysomal and total RNA 
fractions also provide a distinction between transcriptional and translational regulation. This 
distinction has been utilized to identify factors involved in translational control 30, 31. 
Translation Initiation 
Factors involved in the control of translation initiation 
Components that interact with mRNAs and affect their recruitment to ribosomes are 
prime candidates to influence differential effects on the translation of the mRNA 32.  RNA 
binding proteins, eukaryotic translation initiation factors, and ribosomal proteins all interact 
with mRNAs, and examples of each have been shown to cause selective mRNA translation 
24, 33. 
Eukaryotic initiation factors 
The eukaryotic initiation factors (eIFs) interact with mRNA to recruit the 40S small 
ribosomal subunit and initiate scanning and full ribosome assembly as a general prerequisite 
to translation. Many initiation factors are encoded by more than one gene, though only one 
unique initiation factor is used in any one initiation complex. Plants encode eIF4E, nCBP, 
and eIFiso4E which are all capable of binding the 5’ m7Gppp cap structure of mature 
mRNAs 26. eIFiso4E and eIF4E have different binding affinities to 5’ ends and different 
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expression patterns 34. eIF4G and eIFiso4G directly interact with these cap binding proteins 
during initiation. eIFiso4G and eIFiso4E are unique to plants and exclusively associate with 
one another. The association of cap binding protein with either eIF4G or eIFiso4G helps 
form an eIF4F or eIFiso4F complex, respectively 26. Studies by Mayberry et al. (2009) 
directly show that plant eIFs are differentially required for the translation of specific plant 
mRNA species. In this study the Arabidopsis eIFs 4B, 4F and iso4F were tested in a wheat 
germ in vitro translation system with unique plant reporter mRNAs. Three of 8 tested 
mRNAs were strongly dependent on eIF4B for their translation, while 3 of 5 mRNAs tested 
with eIF4F and eIFiso4F displayed greater translation with eIF4F 35. 
Microarray analysis of eIF3h mutant Arabidopsis plants, an eIF3 member not present 
in yeast, shows eIF3H enhances the translation of upstream ORFs (uORFs) and mRNAs with 
long ORFs and leader sequences. This result demonstrated the involvement of eIF3H in 
selective mRNA translation 36. eIFB along with eIF4G or eIFiso4G associates with PolyA 
binding protein (PABP), assisting mRNA circularization which enhances translation and may  
assist in ribosome reinitiation 37-39. PABPs have diversified in plant species, with 8 expressed 
family members in Arabidopsis and a similar number in rice. This diversification perhaps 
permits PABPs to exert influence over mRNA translation in a selective fashion 40. In non-
plant systems, phosphorylation of eIFs eIF1, eIF2β, eIF2Bɛ, several eIF3 subunits, eIF4G, 
eIF4B, eIF4H, eIF5 and eIF5B, eIF4A, and eIF4E has been recorded 25. Of these eIF2 and 
eIF4E are best characterized and both lead to an inhibition of translation 25. The 
phosphorylation of eIF4B, eIF2α, eIF2β, and eIF4A was shown to be differentially regulated 
in wheat during seed development and germination, though the effects of phosphorylation on 
general translation activity or selective translation were not determined 41. 
Ribosomal proteins 
Like eIF3H, the ribosomal proteins (RPs) RPL24B and RPL10 also affect the 
translation of uORFs and main ORFs in Arabidopsis 42, 43. The eukaryotic ribosome is highly 
conserved and consists of 42 proteins in the 60S large ribosomal complex (RPLs) and 32 
distinct proteins in the 40S small ribosomal complex (RPSs) which are incorporated into the 
functional 80S ribosome 24. Many ribosomal proteins are encoded by more than one gene in 
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plants, permitting ribosomes of the cell to contain heterogeneous mixtures of RPs and 
creating potential for functional specialization. Modification of RPs can alter translation 
activity. In mammalian cells, RPS6 phosphorylation causes the stimulation of translation of 
mRNAs with a 5’ terminal oligopyrimidine sequence, which is common in mRNAs of other 
ribosomal proteins (RPs) 44. Stress may also influence makeup, modifications, and activities 
of ribosomes. Nicotiana benthamiana RPS6 was found to be required for TuMV infection, 
but not TMV infection, whereas RPL19 was required for infection by both viruses 16. Loss of 
RPL10 function increases plant susceptibility to begomovirus infection and phenocopies nik 
knockout lines. Plant RPL10 is phosphorylated by NSP-interacting kinase (NIK) in an 
antiviral defense to begomovirus infection 45. In maize root tips RPS6 phosphorylation is 
differentially regulated by abiotic stress 46. These data indicate RPs and their modification 
through phosphorylation can modulate translation activity and translation efficiency in 
response to biotic and abiotic stresses. 
RNA-binding proteins 
Preceding interactions with RPs, mRNAs interact with other RNA-binding proteins 
(RBPs) that influence mRNA maturation, localization, translation and decay 24.  
Approximately 1,100 RBPs are encoded in the Arabidopsis genome. RNA helicase A (RHA) 
has been shown to facilitate translation of specific mRNAs by recognizing and binding to a 
complex structure at their 5′ end known as the post-transcriptional control element 47.  This 
implicates RHA, a member of the DEXD/H-box protein superfamily, in linking transcription 
and translation of a specific class of retroviral and cellular mRNAs. Future studies of RNA 
binding proteins including RPs and eIFs will continue to reveal new roles in post-
transcriptional regulation and identify specific mRNA sequence elements that are required 
for this regulation. 
mRNA features affecting translation initiation 
The selection of mRNAs for translation occurs through interactions with proteins. 
Features of the mRNAs affecting translation initiation include the context of the initiation 
codon, length, upstream open reading frames, and inclination to form secondary structures of 
the untranslated regions. All these features influence the binding of proteins involved in 
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translation. The 5’ and 3’ UTRs of mRNAs have the single most important influence on 
translation initiation. Considering the 5’ UTR, a high degree of secondary structure or a 
length of less than 12 nucleotides inhibits initiation in eukaryotes 48, 49.  Plant 5’ UTRs are 
often less than 100 bp, but may be longer than 200 bp 50.  Kawaguchi et al. (2005) found that 
5’ UTR lengths greater than 175 bp were correlated with lower translation efficiency for 
Arabidopsis genes 51. 3’ UTRs are typically longer than 5’ UTRs, but lengths greater than 
350 bp are associated with lower translation efficiency 51.  3’ UTRs also tend to have more U 
residues than 5’ UTRs 24. 
Translation efficiency is also influenced by the context of the AUG initiation codon 
52.  Analysis of the rice and Arabidopsis genomes produced a consensus sequence for the 
initiation codon which was ggcggc(g/c)(A/G)(A/C)(G/C)A+1UGGCggcggcgg for rice at -10 
to +10 and aaaaaaa(A/G)(A/C)aA+1UGGcgaataata for Arabidopsis 53.  mRNAs found to more 
closely resemble the consensus sequence were also more likely to be associated with 
polysomes in Arabidopsis 51.  Tests of orthologous mRNAs of mammals and yeast showed a 
statistically significant conservation in sequence 30 nucleotides upstream of the initiation 
codon, suggesting these sequences may influence the translational regulation of these genes 
54. 
Initiation codon selection is influenced by the presence of upstream ORFs (uORFs).  
uORFs occur in ~30% of Arabidopsis and rice mRNAs 36, 51, 55, 56. uORFs were found to be 
poorly translated in normal and dehydration stressed Arabidopsis 51.  Interestingly, uORFs 
are often found in mRNAs that encode regulatory proteins, such as bZIP and myb 
transcription factors 24. Some plant uORFs are evolutionarily conserved 57-62 and the 
regulation of translation of uORFs as well as the main ORF may be affected by stress or 
developmental cues 62-64. 
The effects of development and abiotic stress on translation initiation 
Differential translation of particular mRNAs in plants has been documented in many 
conditions including the light/dark cycle, hypoxia, dehydration, heat and salt stress,  
gravistimulation, paraquat treatment, jasmonic acid treatment, exogenous sucrose, pollen 
maturation, and seed germination 28, 65.  Of these, hypoxia, dehydration, and paraquat 
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treatment in plants have been shown to cause the global reduction in the association of RNA 
with polysomes, leading to a concomitant rise in RNA association with 40S, 60S, and 80S 
ribosome complexes 27, 66, 67.  Hypoxia and mild dehydration stress in Arabidopsis also causes 
translational inhibition for the majority of mRNAs 27, 66.  Only half of the mRNAs with at 
least a 2-fold increase in transcript abundance were still well associated with the 
polyribosome fraction during these stresses. This result implies that, for these mRNAs, 
increased abundance does not correspond to an increase in translated protein 24. In the case of 
hypoxia, mRNA transcripts that had increased abundance but were poorly translated became 
well associated with polyribosomes following 1 hour of re-oxygenation. This observation 
suggested that the transcription of these genes was to assist in stress recovery 66.    
The above examples illustrate ways in which cellular stresses that cause a general 
translational inhibition also exhibit selective mRNA translation.  However, selective mRNA 
translation also occurs in the absence of translational inhibition.  Examples of this include 
treatment with jasmonic acid and the light/dark cycle. Treatment of barley leaves with 
jasmonic acid led to the impaired translation of rubisco and light-harvesting complex B 
(Lhcb) mRNAs and the enhanced translation of plastid leucyl-tRNA synthetase 68. The 
mRNAs encoding ferredoxin-1 and Lhcb were selectively translated in the light as shown by 
absence of their transcripts from large polysome fractions in the dark, but are present in large 
polysome fractions in the light 69. For plants, it can be expected that translational regulation 
contributes to gene expression and that translation initiation is differentially regulated by 
distinct environmental conditions or developmental cues. 
The effects of pathogen stress on translation initiation 
Relatively few studies have been conducted that investigate the effects of pathogen 
stress on host translation. In addition, the vast majority of these studies are of viral pathogens 
due to their required interaction with the host translation machinery. From viral studies it has 
become apparent some viruses are capable of shutting off 5’ cap-dependent translation in 
order to gain a competitive advantage in the access of host translation components. Strategies 
to do this may be by cleavage of eIF4E or eIF4G, components of the eIF4F complex 
involved in mRNA cap binding and mRNA circularization through binding of PABP. Lack 
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of competition from capped cellular mRNAs permits re-initiation of translation to occur on 
viruses that have an internal ribosome entry site (IRES), which permits recruitment of 
ribosomes without eIF4F 70. Poliovirus, which is not a plant virus, has an IRES and inhibits 
host cap-dependent translation. By profiling host polysomal RNA following poliovirus 
infection, Johannes et al., (1999) found 200 of 7,000 host genes were still associated with 
ribosomes even though the virus had shut off host translation 30. Two of these mRNAs were 
later confirmed to have IRESs in their 5’ UTRs, demonstrating cellular mRNAs contain these 
elements to permit their differential recruitment to ribosomes. This example shows how 
polysomal RNA can be used to understand novel mechanisms that control host translation. 
For plant viruses, the translational repression of 9 genes has been shown in the in vivo 
response of pea cotyledons to the potyvirus PSbMV 71. Host translational suppression has 
also been demonstrated in vitro for plant viruses 72-74.  These include the potyviruses TuMV 
and TEV. TEV and TuMV reportedly both contain IRES elements 75, 76.  Potyviruses contain 
no 5’ cap, and instead they contain a genome-associated viral protein VpG that is covalently 
bound to the 5’ end.  VpG binds eIF4E at a higher affinity than the 5’ cap structure, 
permitting successful competition with cellular mRNAs 73, 74.  No large scale in vivo studies 
have been conducted to assess the overall affects of an infectious virus on plant translation. 
With regard to non-viral pathogens, the bacterial elicitor syringolide was shown to 
repress translation in soybean cells harboring the Rpg4 R-gene allele, whereas the recessive 
rpg4 allele led to no translational repression 77. Examination of chalcone synthase mRNA 
showed that despite the overall inhibition of translation, this mRNA remained well associated 
with polysomes, whereas the association of an actin mRNA with polyribosomes was strongly 
repressed. Analysis of polysome profiles and polysome run-off translation assays following 
fungal inoculation showed that the tested fungal pathogens generally inhibited translation in 
accordance with the degree of symptoms they induced 67. No plant resistance genes were 
activated in response to these fungal pathogens. These results from non-viral pathogens also 
indicate host translation is affected and differentially regulated in plant-pathogen interactions 
and promote the necessity of further study. 
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Significance and Objectives 
Plant pathogens impact the world economy and contribute to food insecurity in 
impoverished countries.  Past transcript profiling and functional analysis of genes has been 
conducted involving the monocot plant barley (Hordeum vulgare) in its interaction with 
barley powdery mildew (Blumeria graminis f.sp. hordei) and the dicot plant Arabidopsis’ 
interaction with Turnip Mosaic Virus (TuMV).  These and other plant-pathogen interaction 
studies have shown the conserved induction of common gene families and have led to 
subsequent analyses showing individual genes acting as qualitative or quantitative 
determinants of resistance. Transcript profiling by hybridization to microarrays traditionally 
has utilized total RNA or mRNA.  This analysis forces the best guess assumption that the 
translation and activity of each gene is in direct proportion to its abundance in the RNA pool.  
Recent microarray platform gene expression analyses in plants contrasting the total and 
polyribosomal RNA fractions show that some mRNAs are differentially recruited to 
ribosomes for translation.  These analyses also show cellular stress influences the efficiency 
at which individual mRNAs are selected for translation. 
The first objective of my thesis was to evaluate the effect of pathogen inoculation on 
host translation initiation.  We evaluated susceptible and resistant barley plants inoculated 
with barley powdery mildew and susceptible Arabidopsis inoculated with TuMV.  Cellular 
polyribosome profiling was conducted and allowed us to determine that inoculation with 
either pathogen does not appear to change the degree of association of RNA with ribosomes.  
We then contrasted transcript profiles of the total and polysomal RNA fractions of these 
samples.  The majority of mRNAs that show differential recruitment by ribosomes under 
non-inoculated conditions display the same pattern of regulation when inoculated.  However, 
it appears that pathogen inoculation causes significant change in the ability of hundreds of 
mRNAs to be recruited to ribosomes, indicating that important changes to the translation 
machinery may occur following pathogen challenge.  Analysis of a subset of these mRNAs 
suggests particular sequence features influence their recruitment to ribosomes.  Due to 
differences in expression between the total and polysomal RNA fractions isolated from the 
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same tissue, genes responding to pathogen inoculation in the polysomal RNA allowed the 
identification of new functional categories not previously identified in these interactions. 
The second objective of my thesis was in the functional analysis of genes whose 
expression pattern suggested involvement in host pathogen resistance in the barley and barley 
powdery mildew interaction.  These studies involved evaluating orthologous genes in 
Arabidopsis and challenging mutants and overexpressors with the bacterial pathogen 
Pseudomonas syringae pv. tomato DC3000 (PstDC3000).  Knockout or overexpression of 
the selected genes did not alter defense phenotypes, suggesting the genes chosen act 
redundantly or not at all in Arabidopsis interaction with PstDC3000. 
Dissertation Organization 
Five chapters comprise this thesis. Chapter 1 provides a literature review to introduce 
the reader to the current understanding of plant responses to pathogens as well as provide 
examples in which the regulation of translation initiation is altered by cellular stress. 
Chapters 2 and 3 provide materials to be submitted for peer-reviewed publication. Chapter 2 
describes studies performed in Arabidopsis to assess translation initiation in response to 
TuMV infection. Polyribosomal profiling was conducted, followed by microarray analysis of 
total and polyribosomal RNA fractions of mock and TuMV-infected Arabidopsis plants. In 
chapter 3, I describe equivalent studies conducted for the interaction of barley with barley 
powdery mildew. The barley-powdery mildew interaction allowed exploration of possible 
differences in translation initiation during compatible versus incompatible interactions. 
Chapter 4 describes the functional analysis of Arabidopsis homologs in their response to 
Pseudomonas syringae pv. tomato DC3000.  These homologs were chosen from barley genes 
whose expression pattern in response to barley powdery mildew suggested a role in pathogen 
resistance. Also presented here is the overexpression of HvBln1 in Arabidopsis and the 
response of an overexpression line to barley powdery mildew. HvBln1 is a novel negative 
regulator of barley resistance to barley powdery mildew. Arabidopsis is a non-host for 
powdery mildew, and I was interested in whether expression of HvBln1 would modify the 
non-host interaction. Chapter 5 summarizes the key conclusions of my thesis work and points 
out interesting areas for future research projects. 
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Abstract 
Virus infection reprograms plant mRNA transcript levels by activating and interfering 
with a variety of signaling pathways. However, the effects of virus infection on host mRNA 
translation have not been explored on a genome-wide scale. To assess virus-induced changes 
in host mRNA transcription and translation, DNA microarray analysis was used to quantify 
Arabidopsis thaliana transcripts in systemically-infected leaves at 10 days after Turnip 
mosaic virus (TuMV) inoculation. The ratios of transcript abundance in total versus 
polysomal RNA fractions were compared between mock-inoculated and TuMV-infected 
sample types to identify mRNAs that were differentially regulated at the level of translation. 
The majority of mRNAs were not differentially translated, because the mRNA transcript 
ratios were consistent for the mock and TuMV treatments. However, TuMV altered the 
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mRNA transcript abundance of a subset of genes in polysomal RNA independent of the 
abundance of these transcripts in total RNA. Approximately one-half of these mRNAs had 
enhanced association with polysomal RNA in response to TuMV while the other half had 
reduced association with polysomal RNA. These results suggest that TuMV infection causes 
either enhanced or reduced translation of select sets of A. thaliana mRNAs. Analysis of the 
sequence features of mRNAs that were differentially associated with polysomal RNA 
suggest that TuMV infection leads to a decreased ability to translate mRNAs containing 
upstream AUG sequences and an increased ability to translate mRNAs with short 5’ and 3’ 
UTRs. 
Introduction 
As viruses accumulate within infected plant tissues, they often alter the accumulation 
of cellular mRNA transcripts, and there is evidence that they also interfere with translation 1, 
2. DNA microarray analyses and other methods to profile host mRNA transcript abundance 
have focused on the analysis of total RNA fractions from plants infected by diverse viruses. 
These studies have shown that viruses can cause considerable changes in host mRNA 
transcript levels and that these changes are both generic and specific in nature 1. As viruses 
accumulate within susceptible hosts, they commonly induce the mRNA transcripts of 
defense-related genes and heat shock genes 3. Plant-infecting viruses also interfere with small 
RNA metabolism, inhibiting an anti-viral defense and concomitantly disrupting the functions 
of regulatory miRNAs, which is correlated with symptom development 4-7. Viruses may also 
induce the expression of host factors required for successful infection, such as proliferating 
cell nuclear antigen in the case of geminiviruses, and RPS6 in the case of Turnip mosaic 
virus (TuMV) 8-10. 
mRNA profiling studies of host-virus interactions have made use of total RNA 
fractions, which includes all host mRNAs whether they are actively translated or not. The 
host mRNAs that are bound to ribosomes in the polyribosomal RNA (polysome) fraction are 
expected to provide a more accurate representation of the mRNAs that are actively translated. 
In addition, profiling host mRNAs in polysomes could provide insight into mechanisms by 
which plant viruses modulate the translation of host mRNAs. Some viruses affect host 
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translation quite severely. For example, poliovirus 2A protease cleaves translation initiation 
factor eIF4G, which is necessary for cap-dependent translation of host mRNAs 11. Cleavage 
of eIF4G inhibits cap-dependent translation and causes a massive shutoff of host mRNA 
translation. Poliovirus genomic RNA contains an internal ribosome entry site (IRES) 
structure in the 5’ untranslated region (UTR) that enables translation of viral proteins in the 
absence of functional eIF4G. Johannes et al. (1999) used microarray analysis of mRNAs in 
the polysomal RNA fraction to identify host mRNAs that remain associated with polysomal 
RNA during poliovirus infection 12. Subsequently, it was found that some of these mRNAs 
contain IRES elements in their 5’ non-coding region that enables translation initiation in the 
absence of eIF4G. 
Potyviruses are plant-infecting viruses of the Potyviridae family whose genomes, like 
poliovirus, are translated in a cap-independent manner. Tobacco etch virus contains a 143 bp 
IRES-like element in its 5’ UTR 13, 14, and there is evidence that the 5’ UTR of TuMV also 
contains an IRES-like element 15. Potyvirus genomic RNAs are not capped, but they possess 
a VpG protein that is covalently linked to the 5’ end of the viral RNA genome. VpG interacts 
with the cap-binding proteins eIF4E and/or eIFiso4E. Interestingly, recessive resistance to 
potyviruses is provided by alleles of eIF4E or eIFiso4E that do not interact with VpG 
demonstrating that this interaction is necessary for successful potyvirus infection 16-19. In 
vitro studies suggest that the interaction between VpG and eIFiso4E stimulates viral 
translation and competitively inhibits host translation 20. TuMV VpGPro, the precursor form 
of VpG, caused RNA degradation and translational inhibition in a wheat germ extract 
system, but this activity was not observed for TuMV VpG alone 20, 21. In vivo evidence that 
potyviruses can inhibit host mRNA translation is limited. In situ hybridization studies 
showed that the transcription and translation of nine genes in pea cotyledons was altered  
during Pea seed born mosaic virus infection in a zone of cells supporting active virus 
replication 22. Consistent with this observation, Yang et al. (2007) found that A. thaliana gene 
expression changes were most dramatic in the zones of leaf tissue in which TuMV 
accumulation was most active, but there was no evidence that host mRNA transcription was 
inhibited on a genome-wide scale 23. This and other DNA microarray studies involving 
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potyviruses have not addressed the effects that these viruses may be having on the translation 
of host mRNAs. 
One way to gauge the effects of potyvirus infection on host mRNA translation on a 
genomic scale is to quantify the abundance of mRNAs in the polysomal RNA fraction using 
DNA microarrays.  DNA microarray studies in A. thaliana and barley that have compared 
mRNA abundance in the total and polysomal RNA fractions show that mRNA translation is a 
selective process that is influenced by environmental and endogenous cues 24-27. mRNA 
sequence features such as upstream ORFs, initiation codon context, 3’ UTR length, 5’ UTR 
length, and 5’ UTR secondary structure were correlated with selective mRNA translation in 
normal and hypoxic A. thaliana 28. These correlations were derived through bioinformatic 
approaches and were not tested through experimentation. 
To investigate the effects of TuMV infection on host mRNA translation, we isolated 
total and polysomal RNA fractions from TuMV-GFP-infected and mock-inoculated plants 
and performed microarray hybridization using the Arabidopsis ATH1 GeneChip® 
oligonucleotide microarray. Overall, the accumulation of mRNA transcripts in total and 
polysomal fractions was well correlated. However, there were mRNAs that had altered 
association with polysomes in response to TuMV-GFP infection. Analyses of the sequence 
features of mRNAs that were differentially associated with polysomal RNA suggests that 
TuMV infection leads to reduced ability to translate mRNAs containing upstream AUG 
sequences and an increased ability to translate mRNAs with short 5’ and 3’ UTRs. This study 
demonstrates that TuMV infection can affect the association of host mRNAs with ribosomes 
and that the use of polysomal RNA for gene expression profiling can provide new insights 
into plant responses to viral infection. 
Results 
Polyribosome content is similar in TuMV-infected and mock-inoculated rosette leaves 
The overall goal of these experiments was to profile the abundance of A. thaliana 
mRNA transcripts in polysomal RNA fractions in mock-inoculated versus TuMV-infected 
leaves. If the concentration of polyribosomes is altered in the TuMV-GFP-infected leaf tissue 
samples, then a bias in the relative mRNA abundance would be introduced that would have 
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to be corrected to allow direct comparisons between the sample types 29. To determine if 
TuMV infection significantly alters the ribosome profiles in whole infected leaves, we 
inoculated rosette leaves of 28 day-old plants with TuMV-GFP and harvested GFP-
fluorescent leaf tissue at 10 days after inoculation (dai). The leaves of a parallel set of mock-
inoculated plants were sampled under the same conditions as the infected plants. Ribosome 
complexes were fractionated on 10-40% sucrose-density gradients by ultracentrifugation and 
detected by absorbance at 254 nm (A254). Representative plots with peaks corresponding to 
the 40S, 60S, 80S and polyribosome (polysome) complexes in TuMV-GFP-infected and 
mock-inoculated plants from one replicate are shown in Fig. 1A. The average proportional 
area under these curves for the polyribosomal (dimer and larger) and non-polysomal (40S, 
60S, and 80S) RNA species was determined from seven biological replications 29. Significant 
differences in the proportion of polyribosomal to non-polyribosomal RNA were not detected 
in TuMV-GFP-infected and mock-inoculated leaves at 10 dai (p > 0.25; Fig. 1B). 
Experimental design and microarray data analysis 
To investigate the effects of TuMV-GFP infection on the levels of A. thaliana mRNA 
transcripts in polysomes and in total RNA, the following experiment was performed. We 
inoculated 28 day-old plants from the transgenic A. thaliana line 35S:HF-RPL18 30 with 
TuMV-GFP.  Plants were also mock-inoculated as a control. This transgenic line enables 
complexes containing the large ribosomal subunit, such as 80S ribosomes and polysomes, to 
be co-immunoprecipitated with anti-FLAG antibodies 30. mRNAs that co-purify with these 
complexes are associated with at least one 80S ribosome and most are expected to be 
translationally active 30. GFP-fluorescent leaf tissue was harvested under UV light from the 
TuMV-GFP-infected plants at 10 dai, and corresponding leaf tissue was collected from the 
mock-inoculated control plants that were also exposed to UV light (Fig. 2A). This sampling 
strategy allowed us to enrich for virus-infected tissues in sufficient quantities for analysis of 
mRNA transcript levels in total and polysomal RNA fractions. Previous work by our group 
has shown that major changes in A. thaliana gene expression occur in systemic TuMV-GFP-
infected leaves at 10 dai in total RNA fractions 23. To determine if TuMV-GFP RNA was 
associated with polysomes in the sampled tissue, RT-PCR was performed on the polysomal 
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RNA fraction using primers to the viral coat protein (CP) and the Actin8 control gene (Fig. 
2B).  The TuMV CP PCR product was present in the polysomal RNA fraction from infected 
leaves but not from the mock-inoculated leaves. Actin8 mRNA was present in the polysomal 
RNA from both sample types as expected for this constitutively expressed gene. RNA 
prepared from the four sample types (TuMV-GFP infected (polysomal and total RNA) and 
mock treated (polysomal and total RNA)) were used to prepare labeled copy RNA for 
hybridization to A. thaliana ATH1 GeneChip® oligonucleotide microarrays 31.  The raw data 
resulting from the 12 microarray hybridizations from three independent biological replicates 
were deposited in the Plant Expression database (PLEXdb, accession number AT42) and the 
Gene Expression Omnibus (GEO, accession number GSE20278) 32, 33. The mean log2 values 
derived from MAS5.0 signals were normalized so that the median log-scale expression for 
each of the 12 microarrays was zero. Because we did not detect changes in overall polysome 
profiles in the TuMV-GFP infected samples, the data were not corrected for a treatment bias. 
A linear model statistical analysis was used to identify significant changes in mRNA 
transcript levels due to viral infection in the polysomal or total RNA. This model also 
incorporated interactions between treatment and RNA fraction. A SAS mixed procedure 34 
was used to obtain p-values from which the false discovery rates (FDR; q-values) were 
derived for each contrast statement 35. Contrast statements were used to assess three 
biological questions regarding the responses of A. thaliana to TuMV infection at 10 dai. 
These questions address the differential mRNA transcript accumulation in the total (Q1) and 
polysomal RNA (Q2) fractions, and identify significant differences in mRNA transcript 
accumulation between the two fractions (Q3). The mean log2 values for each gene and the 
associated statistics from these contrast statements are provided in Supplemental Table 1. 
mRNA transcript levels in total and polysomal RNA are well correlated in TuMV-GFP and 
mock-inoculated samples 
The analysis of the differentially regulated mRNAs in the polysomal and total RNA 
indicated that transcript abundance is well correlated, but it is clear that there are mRNAs 
that have distinct accumulation patterns in the two RNA fractions. To obtain an overview of 
the effects of TuMV-GFP infection on the abundance of host mRNA transcripts in total RNA 
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versus their levels in polyribosomes, Pearson correlation coefficients were determined for 
pair-wise comparisons of each of the four sample types (Table 1). In general, the Pearson 
correlation coefficients were high (approximately 0.94-0.97) indicating that the changes in 
mRNA transcript levels in response to TuMV-GFP infection observed in total RNA also 
frequently occurred in polysomes. This observation is consistent with the similarity of the 
polysome profiles in mock and virus-infected samples (Fig. 1B). 
Identification of induced and down-regulated genes in response to TuMV-GFP infection 
in total and polysomal RNA fractions 
mRNA transcripts that were differentially regulated in response to TuMV-GFP 
infection in polysomal or total RNA were selected based on a false-discovery rate (FDR) of 
5% and at least a 4-fold change in abundance. These criteria identified 173 genes in total 
RNA and 138 genes in the polysomal RNA. Hierarchical clustering was used to group genes 
with similar expression profiles and a heatmap was generated to visualize these expression 
profiles (Fig. 3A). The majority of genes had similar expression profiles in response to 
TuMV-GFP infection in the total and polysomal RNA.  However, there are 28 genes with 
altered expression in one RNA fraction and little or no change in the other (highlighted with 
yellow bar in Fig. 3A). These discordant mRNAs are candidates for being differentially 
regulated at the level of translation in response to TuMV-GFP. 
Over-represented functional categories among differentially expressed genes 
To determine if the number of genes in any functional category was represented more 
than expected in the induced or down-regulated gene sets from the polysomal and total RNA 
fractions, the Munich Information Center for Protein Sequences (MIPS) functional 
categorization tool was used 36. All genes meeting the 5% FDR in either polysomal RNA or 
total RNA were used in this analysis. Four gene lists were created: induced in polysomal 
RNA (796 genes), induced in total RNA (1127 genes), down-regulated in polysomal RNA 
(489 genes), and down-regulated in total RNA (874 genes). A total of 581 genes were 
induced in both the polysomal and total RNA fractions, and 421 genes were down-regulated 
genes in both the polysomal and total RNA fractions (Fig. 3B. for gene lists see 
Supplemental Table 3). The proportion of genes sharing the same behavior in response to 
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TuMV indicates that the mRNA transcript abundance in polysomal and total RNA fractions 
was well correlated. MIPS functional categories were considered significantly over-
represented if the p-value was equal to or less than 0.01 and if at least 10 genes from any 
given category were present on the gene lists. 
Thirty-five MIPS functional categories were significantly over-represented among the 
genes induced in response to TuMV-GFP infection in both the total and polysomal RNA 
(Table 2). For example, proteasome component genes and salicylic acid (SA) defense 
signaling genes are significantly over-represented in both the total and polysomal RNA 
fractions (Table 2 (proteasome) and Supplemental Table 2 (SA genes)). Genes encoding 
proteasome components and genes involved in salicylic acid defense signaling were 
previously shown to be significantly induced in expression profiling studies solely utilizing 
total RNA 23, 37.  Newly identified categories included modification with fatty acids, calcium 
binding, nucleotide binding, transport vesicles, and the endoplasmic reticulum. Other 
categories showing agreement among these RNA pools are phosphate metabolism and 
modification with phosphate.  Protein kinase is significant in the total RNA fraction and 
supported by a p-value of <0.05 in the polysomal RNA fraction. Twenty MIPS functional 
categories were determined to be over-represented among the genes that were significantly 
down-regulated in response to TuMV-GFP infection in both total and polysomal RNA (Table 
2). Energy and ribosome biogenesis are categories that were highly represented among 
down-regulated genes from both RNA fractions. Sulfur metabolism and utilization, oxygen 
radical detoxification genes, and osmotic and salt stress were also significant categories (p-
value <0.05). 
Some MIPS functional categories are over-represented in one of the RNA fractions 
but not the other. For instance, the following categories were determined to be significant in 
the down-regulated gene list in total RNA but not in polysomal RNA: metabolism and 
biosynthesis of vitamins, cofactors, and prosthetic groups, C-compound and carbohydrate 
transport, electron transport, and transport facilities, sugar, glucoside, polyol and carboxylate 
metabolism and catabolism, C-3 carbon metabolism, and cold shock response (Table 2). In 
contrast categories significantly down-regulated in the polysomal RNA fraction but not 
significant in the total RNA fraction included systemic interaction with the environment and 
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three of its subcategories; plant / fungal specific systemic sensing and response, plant 
hormonal regulation, and abscisic acid response. Among induced genes categories that were 
significant in the polysomal RNA fraction but insignificant in the total RNA fraction 
included GTP binding, cell wall, and eukaryotic plasma membrane / membrane attached. 
These results suggest that differences exist between the results obtained from polysomal and 
total RNA regarding the coordinated regulation of genes involved in specific biological 
functions. 
Identification of genes that are differentially translated in response to TuMV-GFP 
infection 
We next wanted to determine whether there were genes that were differentially 
translated by comparison of the mRNA transcript levels in the polysomal and total RNA 
fractions (Q3). The level of each mRNA in polysomal RNA was divided by its level in total 
RNA. The log2 of this ratio was compared between the TuMV-GFP and the mock treatments 
to determine if there were mRNAs that become differentially translated as a result of viral 
infection.  Translation initiation is the rate limiting step in the regulation of eukaryotic 
translation 38. Therefore, the relative proportion of each host mRNA associated with 
polyribosomes in TuMV-GFP-infected versus mock-inoculated leaf tissues will reveal those 
genes that respond with an increase or decrease in their translation efficiency. The log2 of the 
poly/total ratios for the TuMV-GFP and mock treatments were plotted for all probesets (Fig. 
4A). Genes for which translation efficiency was altered by TuMV-GFP were expected to 
deviate from the diagonal and a skewed distribution closer to one axis or the other would also 
indicate dramatic changes in translation state.  There is a nearly equivalent distribution of 
probesets along the diagonal as well as above and below the axes, demonstrating that altered 
translation of most mRNAs was not detected in TuMV-GFP-infected samples. However, 
there are genes that deviate from the diagonal by 8-fold or greater indicating that TuMV-GFP 
infection did alter the translation efficiency of some mRNAs (Fig. 4A). Translation of the 
mRNAs indicated in black below the diagonal is expected to be enhanced in response to 
TuMV-GFP, whereas translation of mRNAs of the genes above the diagonal is expected to 
be repressed. 
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To determine if the apparent changes in mRNA translation had statistical support a 
5% FDR was applied. This identified 6048 probesets, or 26.5% of all probesets on the ATH1 
array as significantly different in the contrast of the total and polysomal RNA fractions in 
either TuMV-GFP infected or mock-inoculated tissue. Of these probesets we identified 2039 
and 1469 mRNAs with high poly/total ratios in the mock and TuMV-GFP treatments 
respectively. These two lists of presumably well translated mRNAs contain 1080 genes that 
are shared in common (Fig. 4B).  Likewise, 1738 mRNAs with low poly/total ratios assumed 
to be poorly loaded onto ribosomes were shared in the mock and TuMV treatments, whereas 
3136 and 2246 total mRNAs are poorly loaded during the mock and TuMV treatments, 
respectively.  Of the mRNAs that were differentially translated in response to TuMV-GFP, 
74% and 77% exhibited shared good and poor polysome association with the mock 
condition.  Thus, 26% and 23% of the mRNAs are uniquely well and poorly associated with 
polysomes following TuMV infection. These mRNAs are potentially translationally 
regulated in response to TuMV at 10 dai in systemically infected leaves. 
Among mRNA with altered translation efficiency, it was possible to identify mRNA 
transcripts with altered association with polyribosomes in the mock and TuMV-GFP 
treatments by a more stringent test.  At the 5% FDR, 10 mRNAs were well loaded in mock-
treated samples and simultaneously poorly loaded in TuMV-GFP-infected samples.  In 
contrast, 14 mRNAs were well loaded during viral infection, but poorly loaded in the mock-
treated samples. By easing the statistical restrictions to a 20% FDR cutoff yields 471 
probesets (data not shown). Hierarchical clustering of these 471 probesets shows one group 
has a higher polysomal/total RNA ratio and the other a lower polysomal/total RNA ratio in 
TuMV-GFP infected plants (Fig. 5). These results suggest that TuMV-GFP causes mRNA-
specific changes in the process of ribosome loading of host mRNAs through an unknown 
mechanism. 
Over-represented functional categories among differentially translated mRNAs 
To determine if any functional categories were over-represented among differentially 
translated mRNAs, functional categorization was performed as described above, and the 
results were summarized in Table 3. We filtered these genes to include only those that were 
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more efficiently translated in either the TuMV-GFP infection or in the mock treatment. We 
further filtered these genes by adding the requirement that the separate mock 
(polysomal/total) and TuMV-GFP (polysomal/total) ratios had to differ by a log2 ratio of 0.5 
or greater. Of the original 6048 genes shown to be selectively translated at a 5% FDR (Fig. 
4B), 1036 met these criteria for unique translational regulation. Of these 1036 mRNAs, 492 
are expected to be more efficiently translated following TuMV-GFP infection, while the 
other 544 are expected to be less efficiently translated (Table 3, for gene list see 
Supplemental Table 4).  As above, MIPS functional categories were considered significant at 
a p-value less than 0.01 and when they represented 10 or more genes. Overrepresented 
categories of mRNAs that were found to be induced in their expression and more efficiently 
translated following TuMV inoculation are phosphate metabolism, nucleotide binding, 
eukaryotic plasma membrane / membrane attached, transported compounds, and transport 
facilities (Tables 2 and 3) suggesting the expression of these genes is particularly well 
adapted to TuMV infection. Other categories with enhanced translation efficiency following 
TuMV infection are DNA repair and oxygen binding. Categories of mRNAs that are less 
efficiently translated following TuMV infection that are also repressed in their gene 
expression by TuMV include stress response and oxygen and radical detoxification (Tables 2 
and 3), indicating the expression of these genes is poorly adapted to conditions of TuMV 
infection. Other categories with reduced translation efficiency following viral infection are 
transcriptional control, DNA binding, lipid binding, nucleus, chromosome and organization 
of chromosome structure. These results suggest that TuMV-GFP infection preferentially 
affects the translation of mRNAs belonging to some functional categories. 
Sequence features associated with ribosome loading in response to TuMV-GFP 
Sequence features of mRNA transcripts, such as lengths of 5’ UTRs, 3’ UTRs, and 
ORFs, upstream ORFs, and initiation codon context, have been associated with translation 
efficiency in A. thaliana 28.  We determined whether mRNAs that were selectively translated 
following TuMV infection contain features that correlate with enhanced or suppressed 
translation.  Two gene sets were used for this analysis: 1) genes for which translation was 
enhanced in response to TuMV-GFP infection (well loaded on polysomes in virus infection 
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but poorly loaded on polysomes in mock (VWL_MPL)), and 2) genes for which translation was 
suppressed in response to TuMV-GFP infection (poorly loaded on polysomes in TuMV 
infection, but well loaded on polysomes in mock (VPL_MWL)).  A 5% FDR would limit the 
analysis to 24 genes, which would not be sufficient to obtain statistical support for any 
sequence features (Fig. 4B), so the 471 genes identified at the 20% FDR cutoff were used 
(Fig. 5). Genes represented by probe sets that had no match to the A. thaliana genome, 
matched to transposons, concurrently monitored more than one gene, or matched 
mitochondrial and plastid-encoded genes were excluded.  There were 258 probesets to 
evaluate in the VWL_MPL group and 170 in the VPL_MWL group. 
The sequence features of the mRNAs that were either more or less efficiently 
translated were compared independently to randomly chosen mRNAs in a series of 10,000 
bootstraps with significant results of these tests representing p-values below 0.0250 and 
above 0.9750. Of the 258 probesets representing mRNAs that are preferentially associated 
with polysomes following viral infection (VWL_MPL), only 161 have both 5’ and 3’ UTR 
annotation (Table 4). Due to the frequent absence of annotated UTRs, it was necessary to 
control for this factor by including only those genes that had the appropriate annotation of 
one or both UTRs (e.g., mRNA transcripts lacking 3’ UTR annotation could not be used in 
the tests for 3’ UTR length). Of the 182 genes in the VWL_MPL group that were annotated 
with a 3’ UTR, the average length of the 3’ UTR was lower than expected at 203 base pairs 
(p = 0.0014). In accordance with this observation, 31 genes have a 3’ UTR shorter than 120 
bp (more than expected, p-val 0.9810). There were no queries regarding length of the 5’ 
UTRs that met the threshold for statistical significance. We also found that mono- and di-
guanine (G and GG) nucleotides occur less frequently than expected among the genes that 
are more efficiently translated in response to TuMV-GFP. 
Of the 170 VPL/MWL genes, 126 have an annotated 5’ UTR. Of these, 63 genes have 
one or more AUG sequences in the 5’ UTR, which is more than expected (p = 0.9971). This 
observation suggests that mRNAs containing one or more upstream AUGs are translated less 
efficiently during TuMV-GFP infection. 
The sequence context surrounding the initiation codon influences translation 
efficiency 39, 40. Therefore, we analyzed VWL_MPL and VPL_MWL genes from positions -10 
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through +13 relative to the A1+UG initiation codon. The gene list did not produce any p-
values that met the significance threshold.  For VWL_MPL mRNAs which are more efficiently 
loaded onto polyribosomes following TuMV infection, C occurred more frequently than 
expected at the -5 position (p-val 0.9848), and G occurred less frequently than expected (p-
val 0.0074) at that position. The genome consensus for the -5 position is A (Table 5). C also 
occurred more frequently than expected at the -2 position (p = 0.9533). The genome 
consensus at this position is A, which occurred at a lower frequency than expected (p = 
0.0204). At the +9 position, A occurs more frequently than expected for the VWL_MPL group 
as there is a bias against U (p-val .0038).  At the +10 position, G occurs more frequently than 
expected when compared to randomly selected genes (p-val 0.9988). Finally, at +13, U is 
significantly underrepresented, however this does not lead to a change from the consensus 
sequence for A. thaliana. 
Discussion 
In order to gain further insight into the effects of potyvirus infection on host gene 
expression, two lines of experimentation were pursued using TuMV-GFP-infected leaf 
tissues that were positive for GFP fluorescence at 10 dai and corresponding mock-inoculated 
control leaf tissues. First, we determined the profile of ribosomal RNA species by density 
gradient centrifugation, and second we quantified the abundance of A. thaliana mRNAs in 
total and immunoprecipitated ribosomal RNA fractions. Ribosomal RNA species were 
profiled to determine if TuMV-infection led to widespread changes in the ratio of 80S 
monosomes to polysomes at 10 dai. Altered ratios of 80S monosomes to polysomes would 
have indicated general changes in host translation, but significant changes in this ratio were 
not detected (Fig. 1A and B). Likewise, the overall similar ratios of mRNA transcripts in 
polysomal and total RNA in TuMV-GFP and mock-inoculated leaf samples also indicated 
that global changes in mRNA translation were not detected (Fig. 4A). The presence of TuMV 
RNA in the immunoprecipitated RNA fraction indicated that the viral RNA was associated 
with ribosomes and thus actively translated in sampled tissues (Fig. 2B). TuMV infection did 
alter the association of 428 host mRNAs (FDR < 20%) with the polyribosomal RNA 
indicating that their translation was affected in a specific manner. Other recent studies that 
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analyzed the ratios of mRNAs in total to polysomal RNA have also shown that stresses and 
developmental cues cause plant mRNAs to be selectively translated 29, 41-43. Previous studies 
provided evidence that plant viruses repress host mRNA transcription and translation. The 
expression of host genes was repressed by Pea seed borne mosaic potyvirus (PSbMV) in a 
narrow zone of cells in which active viral replication occurs in pea cotyledons 22. The TuMV-
encoded VpG and VpGPro proteins inhibit the function of the eIFiso4E cap-binding protein 
in vitro, which leads to enhanced degradation of reporter gene mRNAs in wheat germ 
extracts 20, 21. However, TuMV has not been shown to cause general inhibition of 
transcription or translation of host mRNAs in vivo. Consistent with this idea, Yang et al. 
(2007) did not observe a global repression of host mRNA transcript abundance, but their 
analysis showed that more genes may be up-regulated than down-regulated in tissues where 
virus accumulation is most active at 5 dai. A caveat is that Yang et al. (2007) used a macro-
dissection strategy to sample TuMV-GFP infection foci from leaves whereas Wang and 
Maule (1995) used in situ hybridization in pea cotyledons that provided resolution at the 
cellular level. While the sampling and detection strategies were different, both studies show 
that the most dramatic changes in gene expression occur in zones of cells or tissues where 
accumulation of the virus is most extensive. 
It was not feasible to use the tissue sampling strategies of Yang et al. (2007) or Wang 
and Maule (1995) for our studies, because relatively large amounts of tissues were needed for 
the ribosomal RNA profiling and immunoprecipitation procedures. To compensate in part for 
this, we only collected GFP fluorescent leaf tissues at 10 dai from TuMV-GFP-infected 
plants. Our observation that mRNA transcript levels are not altered on a genome-wide scale 
in total or polysomal RNA fractions is consistent with previous findings by Yang et al. 
(2007). However, we cannot exclude the possibility that TuMV-GFP, like PSbMV in pea 
cotyledons, transiently represses host gene expression along an infection front too narrow to 
have been found in our experiments. Furthermore, we cannot form conclusions about the 
global protein levels, because the proteome was not directly analyzed. 
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Use of polysomal RNA uncovers new pathways among TuMV-responsive genes 
This study and other past work has shown that TuMV and other viruses commonly 
induce the expression of salicylic acid (SA) responsive genes 44, 45. Here we show that the 
increased levels of mRNAs that have previously been observed in total RNA also increase in 
polysomal RNA fractions demonstrating these mRNAs are actively translated. Constitutive 
SA levels are necessary for the induction of SA-responsive genes in compatible host-virus 
interactions, although it appears that this response does not necessarily have an effect on the 
outcome of viral infections 46, 47. Because of this, the importance of SA-mediated gene 
expression in the compatible A. thaliana-TuMV interaction is unclear. In contrast, dramatic 
increases in SA levels strongly up-regulates the expression of SA-responsive genes in 
incompatible interactions involving hypersensitive resistance to many viruses 48-50. 
SA has both pro and anti-death functions 51. High concentrations of SA lead to cell 
death and the repression of antioxidant enzymes 52. SA-induced PR gene expression occurs 
through posttranslational modification of NPR1 which interacts with TGA transcription 
factors to induce defense gene expression 53, 54. This modification of NPR1 occurs because 
the cellular redox status is altered. We observed that the mRNAs encoding NPR1 and TGA 
transcription factors are upregulated in the polysomal RNA fraction. In accordance with this, 
the mRNA transcripts of 15 antioxidant genes were translated less efficiently in response to 
TuMV-GFP infection (Table 3). Cell death does not occur in this compatible interaction 
although the symptoms of stunted growth and chlorosis are beginning at 10 dai.  The lack of 
cell death may be correlated with the induction of the cell death inhibitor Bax-inhibitor1 
(AtBI-1) which is induced over 2-fold at this time point. AtBI-1 is an ER-stress response 
gene and negative regulator of programmed cell death, which can enhance susceptibility of 
plants to biotrophic fungi that suppress cell death 55. 
ER-stress is defined as any condition that interferes with the usual function of the ER, 
and it can result from viral infection leading to an unfolded protein response 56, 57. Consistent 
with this, past expression profiling of host interactions with DNA or RNA viruses show the 
common induction of heat shock genes 1. A significant number of heat shock genes were 
induced in this study in response to TuMV infection in both RNA fractions according to the 
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MIPS functional analysis (p <0.05). The increased expression of heat shock genes in the 
polysomal RNA fraction suggests that they are also actively translated.  This observation is 
consistent with the increase in heat shock protein levels that were previously observed 58. 
Abundant mis-folded proteins in the cytosol are believed to activate the heat shock 
response under various conditions, including heat shock 59. In yeast, approximately 25% of 
the genes that respond to over-expression of Hsf1 (heat shock transcription factor 1) have 
functions in the secretory pathway 60. Our study also shows that many genes involved in the 
secretory pathway, such as transport facilities (p 7E-6), endoplasmic reticulum (p 8E-25), 
vesicular transport (p 2.5E-8), and intracellular transport vesicles (p 2.5E-8) are induced by 
viral infection. It is possible that TuMV benefits from this increased expression of secretory 
pathway genes because it induces cytoplasmic vesicles for viral replication 61 and movement 
62.  Interestingly, HEAT SHOCK COMPONENT 70-3 was associated with TuMV RdRp in 
cytoplasmic vesicles 63, and the plant pathogenic closteroviruses encode an HSP70 homolog 
that is important to both virion assembly 64 and cell-to-cell movement 65, 66.  Heat shock or 
heat shock-related proteins may aid in the production of cytoplasmic vesicles or be co-opted 
by the virus for replication, assembly, or movement. 
The unfolded protein response (UPR) and heat shock response are separate pathways 
that overlap in some of their functions to relieve ER stress.  Protein disulfide isomerases are 
induced during the UPR in yeast 67. Seven genes encoding protein disulfide isomerases and 
seven genes encoding N- or O- linked glycosylation were significantly induced by TuMV-
GFP (p 8E-4 (MIPS)). The protein disulfide isomerases assist other proteins in assuming 
their correct conformations, as do heat shock proteins. Blockage of N-linked glycosylation by 
application of tunicamycin leads to the UPR and cell death in plant cells 68. 
The UPR also activates the ER-associated degradation (ERAD) pathway that leads to 
ubiquitination and degradation of incorrectly folded proteins by the 26S proteasome. Some 
ERAD substrates must be transported for their destruction, implying increased vesicular 
transport and proteasomal degradation may work together to relieve the cell of the potential 
cytotoxic effects of misfolded proteins 69, 70.  Genes involved in ubiquitin-mediated 
degradation and proteasome complexes are induced by diverse plant viruses such as 
potyviruses TuMV, PSbMV, and PPV, the geminivirus CalCuV, the nepovirus ToRSV, and 
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the bromovirus CMV 23, 71-74.  This study of TuMV infection demonstrates that the mRNA 
transcripts of these genes are also induced among the pool of actively translated mRNAs. 
Altered expression of these genes suggests that there is an accumulation of misfolded 
proteins during TuMV infection. The fact that the TMV movement protein is degraded by the 
26S proteasome suggests that this response also has a direct role in the host-virus interaction 
75. It will be interesting to find out what purpose increased expression of 26S proteasome 
subunits has in the TuMV infection. It may be caused by of the accumulation of misfolded 
proteins or a response to a specific viral protein. Another interesting question is whether this 
response is a host defense strategy to degrade viral gene products or if it benefits viruses 
through degradation of specific host proteins or the timely degradation of viral proteins. 
At 5 dai TuMV represses the expression of genes associated with functions in the 
chloroplast such as starch metabolism, sulfur assimilation, and photosynthesis 23.  The results 
reported here for 10 dai with TuMV confirm those findings in the polysomal RNA. 
Consistent with the perturbations in the expression of chloroplast-associated genes, we found 
that gene function categories linked to sugar and starch anabolism and pentose phosphate 
pathway genes are repressed by TuMV (p-values<0.05). In contrast, genes associated with 
sugar, glucoside, polyol and carboxylate metabolism and catabolism were induced by TuMV 
infection at 10 dai.  This set of observations suggests that chloroplast functions that lead to 
carbon fixation are disrupted in the infected plants and that the plants respond by utilizing 
accumulated carbohydrate stores at 10 dai. It is interesting to consider that symptoms 
associated with TuMV infection may in part be due to exhaustion of host energy reserves. 
We found that at least 10 genes associated with auxin responses and 7 genes 
associated with absciscic acid (ABA) responses (p-values of 0.0105 and 0.0224, respectively) 
were down-regulated. These functional categories relating to auxin and ABA may not have 
been noticed previously since the expression of genes belonging to these categories is further 
repressed due to inefficient translation following TuMV infection.  Interference with auxin 
signaling may be linked to the stunted growth that occurs following TuMV infection as has 
been shown for TMV strain Cg 76-78. ABA regulates a variety of processes including stomatal 
closure and responses to abiotic stresses 79, 80. Thirteen genes were repressed in the ABA-
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related category of osmotic and salt stress response and nine were down-regulated in the 
water response category, and these categories were significantly overrepresented (p = 3E-04). 
Common sequence features of host mRNAs that show enhanced translation during viral 
infection 
We chose genes for sequence analysis encoding mRNAs that switched from being 
poorly associated with polyribosomes in the mock-inoculated leaves to well associated with 
ribosomes in the TuMV-GFP-infected samples (VWL_MPL) or vice versa (VPL_MWL). In 
order to obtain statistically relevant results, it was necessary to balance the requirement for 
including more genes while upholding a reasonable statistical threshold (20% FDR) that the 
selected genes were biologically relevant. These criteria provided 258 sequences for the well 
loaded (VWL_MPL) group and 170 sequences for the poorly loaded (VPL_MWL) group. 
Analyses of these sequences enabled us to correlate potential sequence features with 
differential translation in response to TuMV-GFP infection.  Interestingly, both groups 
tended to lack both 5’ and 3’ UTR annotation, and the functional annotation of these genes 
tends to be poor (data not shown). The mRNA sequences that become well associated with 
polyribosomes during TuMV infection were correlated with a shorter than average 3’UTR, 
reduced likelihood of upstream AUGs, or G and GG nucleotides in the 5’UTR. As the 
expression of many stress adaptive and regulatory mRNAs is regulated by one or more 
uORFs 81, the virus may benefit through the translational suppression of these genes. The 
mRNAs that became more poorly associated with polyribosomes during TuMV-GFP 
infection tended to have fewer introns, short CDS and short mRNA length. Analysis of the 
initiation codon context of these mRNAs suggests that these two groups of genes have 
contexts that differ subtly from the A. thaliana consensus. These bioinformatic analyses will 
allow us to generate hypotheses and design experiments to test the significance of these 
correlations and help to establish mechanisms by which TuMV affects the regulation of host 
translation. 
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Conclusions 
The rate limiting step of translation is the highly regulated process of initiation 38, 82. 
Therefore the measurement of mRNA transcript abundance in the polysomal RNA fraction is 
expected to be a better predictor of the proteome than mRNA transcript abundance in the 
total RNA fraction. While the mRNA transcripts of a majority of genes had similar responses 
in the two RNA populations, the use of stringent statistical criteria led to the identification of 
genes encoding mRNAs that have altered association with polyribosomes at 10 dai in 
response to TuMV-GFP. mRNA expression profiling using the two RNA fractions enabled 
us to find genes subjected to an additional level of regulation and allowed us to discover 
over-represented functional categories of differentially expressed genes that were not 
previously identified for TuMV infection (Table 2). The use of both total and polysomal 
RNA populations will help to provide a more complete understanding of A. thaliana 
responses to viral infection. 
Experimental 
Plant growth, TuMV-GFP infection, and sample collection 
Seeds of a transgenic Col-0 line homozygous for the 35S:HF-RPL18 construct 30  
were sown in round 6 inch diameter pots containing LC-1 soil mix (SunGro® Seba Beach, 
AB, Canada). Plants were grown in a growth chamber with a 12 hr photoperiod at a constant 
22 ˚C. Four plants were grown per pot in a flat containing 10 pots. For inoculation, TuMV-
GFP-infected leaf tissues were ground with a mortar and pestle in 20 mM sodium phosphate 
buffer (pH 7.2) at a ratio of 1 gram of tissue per 6 ml of buffer and then filtered through 
Miracloth (Calbiochem, San Diego, CA, USA). For mock inoculation, non-infected leaf 
tissues were similarly prepared. At 4 weeks after sowing, plants were dusted with 
Carborundum Grit320 (Fisher, Fair Lawn, NJ) and then fully expanded rosette leaves were 
rub inoculated with a cotton-tipped applicator that was soaked in the TuMV-GFP-infected or 
the mock-inoculation solution. At 10 dai the plants were exposed to UV light (100 Watt 
Blak-Ray longwave UV lamp (UVP, Upland, CA, USA). To enrich for virus-infected leaf 
tissues, only green fluorescent rosette leaf tissue was harvested from TuMV-GFP infected 
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samples. Corresponding leaf samples were taken from mock-inoculated plants also under 
illumination with UV light. The plants were exposed to the UV light for less than 2.5 
minutes. All leaf tissue was snap frozen in liquid nitrogen and stored at -80 ˚C. 
Isolation of total and polysomal RNA fractions 
Total RNA was isolated by a hot (60˚C) phenol/guanidine thiocyanate method (Caldo 
et al 2004), and it was further purified by passage over an RNeasy column (Qiagen, 
Valencia, CA). The polysomal RNA fraction was isolated via the FLAG epitope fused to 
RPL18 as described 89, 131.  Five ml of packed tissue was extracted in 10ml of polysome 
extraction buffer 131, and the homogenates were clarified by centrifugation at 16,000g for 10 
min. The resulting crude extract was then incubated with 300  µl of anti-FLAG agarose beads 
(Sigma, St. Louis, MO) followed by four wash steps 131. The bound ribosomal fraction was 
then eluted with 300 µl wash buffer containing 200ng/µl of 3X-FLAG peptide (Sigma, St. 
Louis, MO). Two volumes of 8M guanidine HCL and 2.5 volumes 100% ethanol were added 
to the eluate, the samples were vortexed, and RNA was precipitated overnight at -20 ˚C.  The 
RNeasy Plant Mini Kit was then used to complete the RNA extraction (Qiagen, Valencia, 
CA). 
ATH1 hybridization, statistical and data analysis 
The RNA concentration and quality of the total and polysomal RNA samples was 
determined with a NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington, DE, 
U.S.A.) and the RNA Nanochip on a 2100 Bioanalyzer (Agilent Technologies, Inc., Palo 
Alto, CA, U.S.A.). Labeled copy RNA was synthesized from 5 µg of input RNA using the 
GeneChip® One-Cycle Target Labeling and Control Reagents kit (Affymetrix, Santa Clara, 
CA, USA) according to the manufacturer’s instructions. RNA samples were processed in 
random. Labeled copy RNA was hybridized to Arabidopsis ATH1 GeneChip® 
oligonucleotide arrays (Affymetrix, Santa Clara, CA, USA). Washes were performed 
according to the EukGE-WS2v5_450 protocol, and microarrays were scanned with a 
GCS3000 7G scanner (Affymetrix, Inc.).  Labeling, hybridization, and scanning were all 
performed at the Iowa State University GeneChip Facility 
(biotech.iastate.edu/facilities/genechip/Genechip.htm). The resulting MAS5.0 signal 
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intensities were converted to log2 values, which were normalized so that every chip had a 
median log-scale expression of zero. A linear model containing terms for RNA fraction (total 
and polysomal RNA), treatment (TuMV-GFP infected and mock-inoculated), the interaction 
of treatment and RNA fraction, a term accounting for the correlation from observations of the 
same sample (polysomal is a subset of total RNA and derived from the same sample), 
replication, and residual error. The SAS mixed procedure was used to generate estimated 
means and to generate p-values for each gene 93.  q-values were derived from p-values using 
the method of Storey and Tibshirani (2003) in the R program (r-project.org). 
Polyribosome profiling 
Polyribosomes for profiling were purified according to Skadsen and Jing (2008). All 
steps were carried out at 4˚C. Polyribosomes (1.2 A260 units) were applied to 10-40% linear 
sucrose gradients and centrifuged for 3 h at 61,000g (using a slow acceleration and no brake) 
with a SW41Ti Beckman rotor. Fluorinert FC-40 (Teledyne Isco. Co., Lincoln, NE, USA) 
was pumped into the bottoms of the gradient tubes with a Harvard Apparatus compact 
infusion pump at 2.2 cc/min. Polyribosome A254 units were monitored as the gradients passed 
through an ISCO dual beam optical unit. Polyribosome profiles were traced with an ISCO 
UA-5 optical unit. 
RT-PCR amplification of TuMV CP sequence 
Polysomal RNA (2.5 µg) was used in cDNA synthesis following treatment with 
DNaseI.  Superscript II reverse transcriptase (Invitrogen, Carlsbad, CA, U.S.A.) was used in 
the first-strand synthesis of cDNA which was primed by oligo(dT).  cDNA was then used in 
a PCR reaction with primers for Actin8; Actin8RTL, 5′-GAGACATCGTTTCCATGACG-3; 
and Actin8RTR, 5′-TCCGAGTTTGAAGAGGCTACA-3 and for TuMV coat protein (CP) 
TuMVCPL, 5′-TGGCTGATTACGAACTGACG-3′; TuMVCPR, 5′-
CCTCTCCGTGTTCTCTACCG-3.  Actin8 primers were used in 30 cycles at 94˚C 30s, 54˚C 
30s, and 72˚C 30s, while TuMV CP primers were used in 40 cycles at 94˚C 30s, 50˚C 30s, 
and 72˚C 30s.  The resulting 20 µl PCR products were resolved on a 1.5% agarose gel. 
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Sequence feature analysis 
The over or under-representation of sequence features was evaluated by performing 
10,000 bootstrap selections of randomly chosen gene sets of equal size as the probe set list 
for each of the analyses described in Results.  To correctly model the translation from the 
Affymetrix ATH1 oligonucleotide microarray to the A. thaliana locus, the randomly chosen 
genes were selected such that the probe set had a match to the A. thaliana genome and did 
not include transposons or organelle encoded genes.  Additionally, we excluded probe sets 
that monitor the expression of more than one genetic locus.  Two-tailed p-value distributions 
were produced for each query, with significance associated with p-values less than 0.025 or 
greater than 0.975 for under or over-representation of a given feature.  All bootstrapping was 
performed using custom Python scripts (python.org).  Sequence information was obtained 
from the TAIR website using genome release TAIR9 (arabidopsis.org). 
Data Access 
Data and detailed protocols from these experiments have been deposited in PLEXdb 
(plexdb.org). Files are categorized under accession number AT42 and can be analyzed online 
using tools in PLEXdb, or results can be directly downloaded.  Results may also be 
downloaded from the Gene Expression Omnibus (GEO), accession number GSE20278. 
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Figure 1.  Cellular polysome profiles in TuMV-GFP-infected and mock-inoculated plants.  A. Representative 
absorbance profiles of ribosomal RNA preparations from mock (left) and TuMV-GFP (right) treated plants. 
Ribosome complexes were fractionated by centrifugation over a 10-40% (w/v) sucrose density gradient.  B.  
The ratio of polyribosomal (dimer and larger) to non-polysomal (80S, 60S and 40S) RNA from mock and 
TuMV-GFP treated plants (p = 0.52, Student’s t-test). The mean from 7 biological replications is presented (+/- 
standard error). 
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Figure 2.  Gene expression profiling design and validation.  A. Transgenic Col-0 plants expressing the 35S:HF-
RPL18 construct were used in these experiments. Plants were inoculated with TuMV-GFP or mock inoculated 
and photographed under UV light and white light at 10 dai. Leaf tissue from such plants was used for extraction 
of total RNA and immunoprecipitation of polysomal RNA.   B.  RT-PCR was used to detect Actin8 mRNA and 
TuMV coat protein sequence in the polysomal RNA fraction of TuMV-GFP-infected and mock-inoculated 
plants.  
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Figure 3.  Comparison of mRNA transcript abundance in the total and polysomal RNA fractions in response to 
TuMV-GFP infection.  A. Genes were selected based on a 5% FDR and 4-fold induction or repression in 
response to TuMV in either the total or polysomal RNA   Hierarchical clustering was used to group the genes 
based on similarity of their expression in the two RNA fractions (Cluster 3 program), and the results were 
visualized using the Java TreeView program. The color scale ranges from -3 to 3 (log base 2), which 
corresponds to an 8-fold down regulation (green) or induction (magenta).  The first column represents the fold 
change in mRNA transcript abundance in response to TuMV-GFP in polysomal RNA, the the second column 
represents the fold change in mRNA transcript abundance in response to TuMV-GFP in total RNA. The colored 
bars on the right indicate sets of genes that are induced in both RNA fractions (magenta), down regulated in 
both fractions (green). The yellow bars indicate mRNAs whose expression is not well correlated in the 
polysomal and total RNA fractions. B. The Venn diagram summarizes numbers of mRNA transcripts that were 
either up regulated or down regulated in the polysomal and total RNA fractions. The number of genes that 
overlap between two fractions or treatments is provided in the intersections. The genes were selected based on a 
5% FDR cutoff without a fold-change requirement.  
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Figure 4.  TuMV alters the ribosome loading of mRNAs.  A. The ratios of mRNA abundance in the total RNA 
versus polysomal RNA fractions were calculated for all 22,810 probesets. The log2 of these ratios for mock-
inoculated and TuMV-infected samples were plotted on the on the y-axis and on the x-axis, respectively. 
Ribosome recruitment is not influenced by TuMV infection for those genes in close proximity to the diagonal 
line in green. Those points lying well below the line in purple and black represent mRNAs that are over 2-fold 
and 4-fold more efficiently recruited to ribosomes following TuMV infection, whereas red and black points 
above the diagonal are over 2-fold and 4-fold more poorly recruited to ribosomes following TuMV infection. B. 
The Venn diagram summarizes the number of mRNAs that differentially accumulated in the polysomal versus 
total RNA fractions in the mock and/or TuMV-GFP-treated samples. These genes were selected based on a 5% 
FDR. VWL= TuMV well loaded, VPL= TuMV poorly loaded, MWL=Mock well loaded, MPL=Mock poorly 
loaded. 
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Figure 5.  Heatmap of genes showing selective mRNA translation.  Genes that provided a 20% FDR for being 
well loaded under one treatment and poorly loaded in the opposing treatment were selected without regard to 
fold-change.  Cluster 3.0 program hierarchical clustering was used to group these genes and +L JavaTreeView 
program was used to visualize the results.  
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Supplemental Figure 1.  Selective mRNA translation in response to TuMV infection contributes to all possible 
patterns of gene regulation. The log2 average expression value of selectively translated mRNAs (+/- standard 
error) were plotted for each of the four experimental samples, representing mock-inoculated total RNA (red), 
mock-inoculated polysomal RNA (blue), TuMV-infected total RNA (red), and TuMV-infected polysomal RNA 
(blue). Each of these graphs shows a distinct pattern of selective mRNA translation. Probesets to these 
selectively translated mRNAs are given at the top of the plots. Note that each y-axis plotted in log2 scale has its 
own range. 
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Table 1. Pearson correlation coefficients show that mRNA transcript abundance in total and polysomal RNA 
fractions are strongly correlated. 
Mock poly RNA Mock total RNA TuMV poly RNA
Mock total RNA 0.960
TuMV poly RNA 0.964 0.945
TuMV total RNA 0.945 0.959 0.966
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Table 2.  MIPS functional categories overrepresented among genes differentially expressed in response to 
TuMV infection. Genes were selected as induced or repressed in transcript abundance in the polysomal and 
total RNA fractions according to a 5% FDR cutoff (following TuMV infection).  These gene sets were analyzed 
with the MIPS functional categorization tool. Each category listed here was significant at a p-value below 0.01 
and was represented by 10 or more genes in at least one of the four gene lists.  The numbers in the columns 
signify the number of genes representing that category for a particular gene set.  Numbers in bold signify a p-
value below 0.01, and italics represent a p-value between 0.01-0.05.  The MIPS category designations are 
hierarchical.  
MIPS Functional Category Poly RNA 
Induced 
(796)
Total 
Induced 
(1127)
Poly RNA 
Repressed 
(489)
Total 
Repressed 
(874)
# in 
Genome
01 Metabolism 210 274 127 249 4932
01.01 amino acid metabolism 11 18 11 23 342
01.01.03 assimilation of ammonia, metabolism of the 
glutamate group 6 11 1 3 57
01.01.03.02 metabolism of glutamate 5 10 1 3 34
01.01.09 metabolism of the cysteine - aromatic group 1 2 7 14 136
01.02 nitrogen, sulfur & selenium metabolism 9 10 10 16 162
01.02.03 sulfur metabolism 4 3 7 13 72
01.04 phosphate metabolism 102 123 27 58 1863
01.05 C-compound & carbohydrate metabolism 69 87 53 105 1646
01.05.02 sugar, glucoside, polyol & carboxylate 
metabolism 41 54 18 49 853
01.05.02.07 sugar, glucoside, polyol & carboxylate 
catabolism 10 10 3 9 93
01.05.03 polysaccharide metabolism 14 18 5 9 238
01.05.05 C-1 compound metabolism 3 8 11 22 186
01.05.05.07 C-1 compound catabolism 1 5 7 10 125
01.05.07 C-3 compound metabolism 5 4 2 12 90
01.05.13 transfer of activated C-1 groups 4 2 8 11 152
01.06 lipid, fatty acid & isoprenoid metabolism 33 42 31 52 827
01.06.05 fatty acid metabolism 8 11 5 12 107
01.06.06 isoprenoid metabolism 6 5 10 17 177
01.06.06.13 tetraterpenes  metabolism 5 10 29
01.07 metabolism of vitamins, cofactors, & prosthetic 
groups 9 12 7 18 251
01.07.01 biosynthesis of vitamins, cofactors, & prosthetic 
groups 2 6 3 12 127
01.20 secondary metabolism 14 18 12 25 426
01.20.19 metabolism of secondary products derived from 
Gly, L-ser & L-ala 2 2 7 15 60
01.20.19.01 metabolism of porphyrins 2 2 7 14 50
02 Energy 19 23 25 58 453
02.01 glycolysis & gluconeogenesis 6 6 3 10 73
02.30 photosynthesis 1 11 21 63
02.45 energy conversion & regeneration 4 11 69
12.01 ribosome biogenesis 5 21 15 27 428  
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Table 2.  (Continued) 
MIPS Functional Category Poly RNA 
Induced 
(796)
Total 
Induced 
(1127)
Poly RNA 
Repressed 
(489)
Total 
Repressed 
(874)
# in 
Genome
14 Protein Fate 166 218 41 95 3104
14.01 protein folding & stabilization 20 23 9 18 248
14.04 protein targeting, sorting & translocation 10 21 3 176
14.07 protein modification 100 136 24 53 2165
14.07.01 modification with fatty acids 23 27 2 8 460
14.07.03 modification by phosphorylation 56 74 18 32 1243
14.13 protein/peptide degradation 51 70 6 24 884
14.13.01 cytoplasmic & nuclear protein degradation 33 49 2 6 382
14.13.01.01 proteasomal degradation 33 49 2 6 372
16 Protein with Binding Function or Cofactor Requirement 273 382 84 184 7027
16.01 protein binding 143 191 25 60 2619
16.17.01 calcium binding 12 18 6 6 173
16.19 nucleotide/nucleoside/nucleobase binding 91 95 8 34 1655
16.19.03 ATP binding 63 69 6 29 1218
16.19.05 GTP binding 16 16 1 4 264
16.21 complex cofactor/cosubstrate/vitamine binding 2 6 6 14 126
18 Regulation of Metabolism & Protein Function 32 39 9 17 608
18.01 regulation by 21 27 6 12 404
18.01.01 regulation by modification 20 26 5 11 378
18.02 regulation of protein activity 32 39 9 17 603
20 Cellular Transport, Transport Facilities & Transport 112 148 47 93 2419
20.01 transported compounds 78 110 33 72 1892
20.01.03 C-compound & carbohydrate transport 6 8 3 10 129
20.01.10 protein transport 21 34 1 293
20.01.15 electron transport 23 26 14 34 717
20.03 transport facilities 38 38 16 31 600
20.03.01 channel / pore class transport 9 7 9 12 123
20.09 transport routes 32 45 3 5 424
20.09.07 vesicular transport 21 29 2 2 170
30 Cellular Communication/Signal Transduction 
Mechanism 58 84 18 37 1283
30.01 cellular signalling 36 55 13 26 871
30.01.05 enzyme mediated signal transduction 22 30 3 9 446
30.01.05.01 protein kinase 14 24 2 7 280
30.01.09 second messenger mediated signal transduction 13 25 10 14 344  
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Table 2.  (Continued) 
MIPS Functional Category Poly RNA 
Induced
Total 
Induced
Poly RNA 
Repressed
Total 
Repressed
# in 
Genome
32 Cell Rescue, Defense, and Virulence 68 95 46 71 1425
32.01 stress response 40 56 31 49 832
32.01.03 osmotic & salt stress response 7 12 13 18 205
32.01.05 heat shock response 7 12 3 4 85
32.01.06 cold shock response 8 9 6 12 165
32.07 detoxification 11 16 15 20 266
32.07.07 oxygen & radical detoxification 10 15 15 20 261
34 Interaction with the Environment 68 98 56 81 1651
34.11 cellular sensing & response to external stimulus 63 92 48 72 1489
34.11.01 photoperception & response 9 14 10 16 265
34.11.03 chemoperception & response 34 51 33 41 841
34.11.03.12 water response 4 10 9 11 119
34.11.03.13 osmosensing  & response 7 12 13 18 208
34.11.09 temperature perception & response 15 22 9 17 263
36 Systemic Interaction with the Environment 32 46 24 30 757
36.20 plant / fungal specific systemic sensing & response 28 43 23 28 692
36.20.18 plant hormonal regulation 20 34 23 27 589
36.20.18.05 abscisic acid response 5 14 7 9 161
70 Subcellular Localization 343 485 263 475 10531
70.01 cell wall 22 19 8 14 431
70.02 eukaryotic plasma membrane / membrane attached 28 24 12 20 517
70.03 cytoplasm 69 101 27 49 1066
70.07 endoplasmic reticulum 42 47 2 193
70.09 intracellular transport vesicles 13 12 63
70.10 nucleus 89 125 35 40 2207
70.26.03 chloroplast 49 87 151 291 3439
 
50 
Table 3. MIPS functional categories overrepresented among genes differentially translated in response to TuMV 
infection.  Differentially translated genes were selected based on a 5% FDR cutoff and minimal 0.5 log2 average 
difference in the TuMV(poly/total) versus mock(poly/total) ratios.  Each category represented below was 
chosen on the basis that it was represented by 10 or more genes and the p-value was below 0.01.  The numbers 
in the columns signify the number of genes representing that category for a particular gene set, and those in bold 
were significant according to the criteria above.   
MIPS Functional Category Higher 
TuMV 
(poly/tot) 
(492)
Lower 
TuMV 
(poly/tot) 
(544)
01.04 phosphate metabolism 46 23
10.01.05.01 DNA repair 10 4
11.02.03.04 transcriptional control 32 54
16.03.01 DNA binding 23 44
16.09 lipid binding 3 10
16.19 nucleotide/nucleoside/nucleobase binding 45 24
16.25 oxygen binding 11 5
20 Cellular Transport 58 49
20.01 transported compounds (substrates) 44 40
20.01.01 ion transport 17 4
20.01.03 C-compound and carbohydrate transport 10 1
20.03 transport facilities 18 7
32 Cell Rescue, Defense and Virulence 21 52
32.01 stress response 11 26
32.07.07 oxygen and radical detoxification 1 17
42 Biogenesis of Cellular Components 23 43
42.10.03 organization of chromosome structure 14 35
70 Subcellular Localization 196 207
70.02 eukaryotic plasma membrane / membrane attached 16 11
70.10 nucleus 31 61
70.10.03 chromosome 3 12
70.26.03 chloroplast 74 56
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Table 4. Sequence feature analysis of selectively translated mRNAs. Two-hundred and fifty-eight mRNAs that 
had better loading on polysomes in response to TuMV (VWL_MPL) and 170 mRNAs that were less efficiently 
loaded on polysomes in response to TuMV (MWL_VPL) were analyzed versus randomly selected genes in a 
series of 10,000 iterations.  Estimates and p-values with a two-tailed distribution were produced for each group, 
and significant p-values < 0.0250 and > 0.975 are represented in bold. 
Question VWL_MPL (258) VPL_ MWL(170)
number with 5 UTR 166 (0.0001) 126 (0.1189)
number with 3 UTR 182 (0.0004) 138 (0.4833)
number without 5+3 UTR 60 (0.2957) 30 (0.5696)
anumber with long 5 UTR (>175 nt) 32 (0.9810) 38 (0.9527)
aaverage length of 5 UTR 111 (0.1037) 131 (.8842)
bnumber with short 3 UTR (<120 nt) 31 (0.9810) 21 (0.8804)
bnumber with long 3 UTR (>380 nt) 6 (0.0507) 10 (0.7365)
baverage length of 3 UTR 203.2 (0.0014) 233.8 (0.7218)
caverage length of 5 UTR and 3 UTR 338.4 (0.0091) 380.1 (0.7518)
anumber with uATG in 5 UTR 60 (0.2957) 63 (0.9971)
average number of introns 4.76 (0.4948) 3.64 (0.0020)
average length of CDS 426.0 (0.2386) 393.9 (0.0185)
average length of mRNA 1512.0 (0.0443) 1472.9 (0.0230)
aG in 5 UTR 0.149 (0.0237) 0.155 (0.2273)
aGG in 5 UTR 0.018 (0.0005) 0.025 (0.6006)
a5 UTR free energy (UNAfold) 128 (0.0909) 142 (0.6124)
aSequences with 5 UTR; b with 3 UTR; c with both 5+3 UTR  
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Table 5. Initiation codon context of selectively translated mRNAs. The Arabidopsis consensus sequence and the 
TuMV initiation codon are presented from -10 to +13 relative to the A1+UG start codon. Bases that occur 
preferentially in VWL_MPL and VPL_MWL gene lists are noted where significant p-values were produced and/or 
the preferred base deviated from the consensus sequence. Nucleotides are presented in bold font when the 
preferred base change is supported by a significant over or underrepresentation of the indicated nucleotide(s) 
represented by the significant p-value in parentheses. Upper case designation means the frequency is above 
50%, two upper case bases represent that the first in the series is more prevalent and the two add up to over 75% 
of the total frequency.  
Position consensus VLW_MLP (258) MLW_VLP (170) TuMV
-10 a a G(0.0079)
-9 a g
-8 a c
-7 a u
-6 a
-5 a c C(0.9848)/G(0.0074) g
-4 a A c
-3 (A/G) a
-2 (A/C) C/A C(0.9533)/A(0.0204) a a
-1 a
AUG AUG AUG AUG AUG
+4 G
+5 c a A(0.993)/C(0.001)
+6 g u u
+7 a
+8 a c C(0.987)/U(0.006) a A(0.990)
+9 t
+10 a
+11 a c C(0.992)/G(0.003)
+12 t
+13 a a A(0.984)
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Supplemental Table 1. Expression data from all probesets. Averaged log2 estimates from the three biological 
replicates of the experiment for each contrast statement are presented with associated p-values and q-values for 
all 22,810 probesets. Files are categorized under accession number AT42 and can be analyzed online using tools 
in PLEXdb (plexdb.org), or results can be directly downloaded.  Results may also be downloaded from the 
Gene Expression Omnibus (GEO), accession number GSE20278 (ncbi.nlm.nih.gov/geo/). 
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Supplemental Table 2. Averaged log2 expression of salicylic acid (SA) responsive and biosynthesis genes 
following TuMV infection. Major genes involved in SA signal transduction were analyzed separately for their 
expression following 10 days inoculation with TuMV.  
estimate p- value q- value
ALD1 265658_at AT2G13810 1.2889 0.02750 0.09610
EDS1 252373_at AT3G48090 1.2253 0.00400 0.04660
EDS5 252921_at AT4G39030 0.3726 0.28030 0.31140
FMO1 256012_at AT1G19250 2.1177 0.05250 0.13150
NPR1 259764_at AT1G64280 0.7037 0.00690 0.05620
NPR2 254014_at AT4G26120 1.0349 0.08570 0.16970
NPR3 248981_at AT5G45110 0.5536 0.12400 0.20390
NPR4 254532_at AT4G19660 0.4899 0.02370 0.08980
PAD4 252060_at AT3G52430 1.4012 0.00180 0.03910
PR1 266385_at AT2G14610 2.7583 0.03130 0.10260
PR2 251625_at AT3G57260 2.8354 0.00010 0.03120
PR5 259925_at AT1G75040 1.3437 0.00660 0.05490
SAG101 246600_at AT5G14930 1.5001 0.00550 0.05200
SID2 262177_at AT1G74710 1.2522 0.00490 0.05020
TGA1 247199_at AT5G65210 0.8388 0.01400 0.07230
TGA3 255953_at AT1G22070 1.1453 0.00030 0.03120
TGA5 250655_at AT5G06960 0.3384 0.04320 0.11990
WRKY70 251705_at AT3G56400 0.4745 0.09570 0.17870
Polysomal RNA; TuMV vs. mockGene symbol Probeset Locus
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Supplemental Table 3. Differentially expressed genes in either total or polysomal RNA in response to TuMV-
GFP. Averaged log2 estimates and associated p-values and q-values for all genes represented in the Venn 
diagram of Fig. 3B showing genes regulated in either the total or polysomal RNA fractions at a 5% FDR (q-
value).  The first 220 probesets here in bold correspond to those in the heatmap in Fig. 3A. 
Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
249645_at AT5G36910 -5.3341 0.036 -4.5155 0.0333
258125_s_at AT3G23530;AT3G23510 -3.8215 0.0391 -1.4994 0.1035
255937_at AT1G12610 -3.6897 0.0421 -2.3742 0.058
266894_at AT2G26050 -3.6676 0.038 0.1669 0.4708
267150_at AT2G23510 -3.528 0.0464 -0.9216 0.2278
258419_at AT3G16670 -3.4276 0.0312 -3.1048 0.0249
257438_at AT2G15325 -3.3063 0.0376 -2.256 0.0434
256096_at AT1G13650 -3.2995 0.0366 -3.3595 0.0296
255450_at AT4G02850 -3.0778 0.0391 -2.8597 0.0334
254212_at AT4G23580 -3.0198 0.0441 -1.0368 0.1547
263011_at AT1G23250 -2.8859 0.0426 -0.1433 0.4778
265877_at AT2G42380 -2.8765 0.0399 0.1793 0.4511
263549_at AT2G21650 -2.8323 0.0312 -2.1895 0.0278
250437_at AT5G10430 -2.804 0.036 -2.4771 0.0328
250533_at AT5G08640 -2.7842 0.0638 -2.9666 0.0496
254024_at AT4G25780 -2.7587 0.0391 -1.9929 0.0449
248377_at AT5G51720 -2.744 0.0388 -2.7696 0.0316
246664_at AT5G34800 -2.6538 0.0346 -0.00844 0.539
263431_at AT2G22170 -2.6203 0.032 -2.7441 0.0249
267058_at AT2G32510 -2.5929 0.041 -1.8927 0.0469
260831_at AT1G06830 -2.5506 0.0334 -2.1393 0.0312
266508_at AT2G47920 -2.5325 0.0482 -1.4191 0.0885
257793_at AT3G26960 -2.5244 0.032 -2.4852 0.0251
257057_at AT3G15310 -2.5166 0.0504 -3.8892 0.0291
262730_at AT1G16390 -2.5083 0.0447 -3.0045 0.0321
252011_at AT3G52720 -2.508 0.0312 -2.7598 0.0249
245141_at AT2G45400 -2.4964 0.0436 -2.223 0.0416
249408_at AT5G40330 -2.4782 0.0446 -1.6808 0.0615
248683_at AT5G48490 -2.4421 0.0421 -2.2616 0.0367
246603_at AT1G31690 -2.4098 0.0609 -2.6757 0.045
254785_at AT4G12730 -2.4056 0.0583 -2.5577 0.0454
258897_at AT3G05730 -2.375 0.032 -1.7723 0.0296
259842_at AT1G73602;AT1G73600 -2.3651 0.0349 -2.5832 0.027
256503_at AT1G75250 -2.3489 0.0376 -2.1731 0.0323
262113_at AT1G02820 -2.3306 0.0325 -2.6058 0.0249
251124_s_at AT5G01050;AT5G01040 -2.3199 0.0549 -3.2402 0.033
253259_at AT4G34410 -2.3194 0.0312 -1.8136 0.0249
249037_at AT5G44130 -2.2758 0.049 -2.4812 0.0371
246540_at AT5G15600 -2.2409 0.0558 -2.9341 0.0341  
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
248311_at AT5G52570 -2.2046 0.041 -2.1183 0.034
266516_at AT2G47880 -2.1824 0.032 -2.3632 0.0249
264436_at AT1G10370 -2.1612 0.0497 -2.2775 0.0394
257997_at no_match -2.1562 0.0771 -3.5448 0.0352
248527_at AT5G50740 -2.1522 0.0323 -1.3178 0.0366
265443_at AT2G20750 -2.1506 0.035 -2.2888 0.0277
261679_at AT1G47360 -2.1433 0.0891 -4.0314 0.034
250478_at AT5G10250 -2.1273 0.032 -2.4149 0.0249
248074_at AT5G55730 -2.1255 0.0363 -2.0338 0.0313
255964_at AT1G22275 -2.1251 0.0467 2.2211 0.0373
264343_at AT1G11850 -2.1155 0.0312 -1.7323 0.027
256304_at AT1G69523 -2.1144 0.0312 -2.3047 0.0249
259773_at AT1G29500 -2.0863 0.04 -1.763 0.0389
251195_at AT3G62930 -2.0812 0.0492 -1.5589 0.0605
253579_at AT4G30610 -2.0745 0.0579 -2.4527 0.04
247474_at AT5G62280 -2.0432 0.0476 -1.2265 0.0791
261150_at AT1G19640 -2.0123 0.04 -1.9571 0.0334
245306_at AT4G14690 -2.0108 0.036 -1.5754 0.0355
254544_at AT4G19820 -1.8272 0.1486 -4.4235 0.0387
256103_at AT1G13540 -1.1062 0.2154 -3.7224 0.0371
255445_at no_match 0.7844 0.3252 -3.6818 0.0429
251377_at AT3G60650 -0.9069 0.1758 -3.1404 0.0316
266010_at AT2G37430 -1.7235 0.1262 -3.125 0.0471
264733_at AT1G62170 0.01588 0.572 -3.1213 0.0449
263905_at AT2G36190 -0.4667 0.4136 -3.0998 0.0469
266252_at AT2G27520 -1.5569 0.0903 -3.0735 0.0334
245519_at AT4G15860 -0.5757 0.296 -2.8004 0.0355
250479_at AT5G10260 -1.9603 0.0904 -2.7383 0.0491
257740_at AT3G27330 -0.5247 0.3099 -2.6806 0.0358
251174_at AT3G63200 -1.9373 0.0611 -2.6438 0.0355
263480_at AT2G04032 -1.8078 0.0909 -2.6298 0.0468
252244_at AT3G50130 -0.2185 0.4903 -2.5608 0.0489
248404_at AT5G51460 -1.8153 0.0804 -2.5578 0.0434
266918_at AT2G45800 -1.4975 0.1122 -2.5345 0.0463
261390_at AT1G35040 -0.06015 0.5505 -2.4335 0.0429
258003_at AT3G29030 -1.8575 0.0605 -2.4181 0.0371
262883_at AT1G64780 -1.8427 0.038 -2.4077 0.0263
259185_at AT3G01550 -1.4571 0.0681 -2.378 0.0331
265400_at AT2G10940 -1.4599 0.0456 -2.3231 0.027
250135_at AT5G15360 -0.8749 0.1299 -2.2759 0.033  
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
245246_at AT1G44224 0.1465 0.508 -2.2603 0.0444
249071_at AT5G44050 -1.7231 0.0391 -2.2099 0.0275
254125_at AT4G24670 -1.5163 0.032 -2.1845 0.0249
253943_at AT4G27030 -1.8053 0.0349 -2.176 0.0252
252363_at AT3G48460 -1.7846 0.0334 -2.0861 0.0251
256673_at AT3G52370 -1.7871 0.0426 -2.082 0.0313
250892_at AT5G03760 -1.9407 0.0435 -2.0792 0.0334
256093_at AT1G20823 -1.9992 0.0431 -2.0742 0.0339
247162_at AT5G65730 -1.5104 0.0421 -2.0534 0.0276
260621_at AT1G08065 -0.9408 0.1683 -2.0479 0.0489
255298_at AT4G04840 -1.9771 0.0425 -2.0457 0.0334
260126_at AT1G36370 -1.7748 0.0383 -2.0312 0.0288
250006_at AT5G18660 -1.8845 0.0426 -2.0305 0.033
248789_at AT5G47440 -1.7418 0.0349 -2.0289 0.0259
251395_at AT2G45470 -1.4714 0.036 -2.0232 0.0249
254783_at AT4G12830 -1.6432 0.036 -2.0084 0.0263
257039_at AT3G19160 -1.1244 0.1159 -2.006 0.0444
261772_at AT1G76240 -1.3896 0.0919 -2.0056 0.0482
255048_at AT4G09600 4.4958 0.0467 2.5113 0.085
257101_at AT3G25020 3.7788 0.0482 3.1756 0.0504
252330_at AT3G48770 3.6474 0.0519 3.7268 0.0425
250062_at AT5G17760 3.4559 0.0312 3.7225 0.0249
260919_at no_match 3.3686 0.032 4.0995 0.0249
258377_at AT3G17690 3.3557 0.0325 3.8358 0.0249
266070_at AT2G18660 3.3207 0.032 4.1267 0.0249
263648_at AT1G04390 3.2094 0.0312 0.02743 0.5249
259173_at AT3G03640 3.2081 0.0312 2.9132 0.0249
250090_at AT5G17330 3.1814 0.0627 3.8762 0.0418
266558_at AT2G23900 3.0991 0.0354 -0.6262 0.203
248470_at AT5G50830 3.0937 0.0421 1.2034 0.1176
257100_at AT3G25010 3.0172 0.0312 3.1287 0.0249
257591_at AT3G24900 3.0131 0.0349 2.6913 0.0313
262542_at AT1G34180 2.963 0.0346 2.9249 0.0285
246406_at AT1G57650 2.9521 0.0468 4.4557 0.0284
262395_at AT1G49540 2.9051 0.0312 0.6333 0.1078
255630_at AT4G00700 2.8842 0.0312 2.8921 0.0249
251625_at AT3G57260 2.8354 0.0312 2.7501 0.0249
254975_at AT4G10500 2.7905 0.0325 2.67 0.027
250445_at AT5G10760 2.7416 0.032 2.5188 0.0265
259559_at AT1G21240 2.7246 0.0436 2.842 0.0342  
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
257774_at AT3G29250 2.7169 0.0719 4.1517 0.0357
254271_at AT4G23150 2.6945 0.0318 2.2252 0.027
255341_at AT4G04500 2.6939 0.032 2.4424 0.0263
246302_at AT3G51860 2.6666 0.0534 2.4401 0.0499
247314_at AT5G64000 2.6235 0.0312 2.9544 0.0249
250302_at AT5G11920 2.6048 0.032 2.4216 0.0265
259009_at AT3G09260 2.5829 0.036 2.1783 0.0334
264648_at AT1G09080 2.5334 0.032 2.4912 0.0261
264680_at AT1G65510 2.5286 0.0383 3.0725 0.0275
267026_at AT2G38340 2.5159 0.1076 4.146 0.0461
254252_at AT4G23310 2.5139 0.0583 2.5292 0.0489
259809_at AT1G49800 2.5112 0.036 -0.0377 0.5207
248932_at AT5G46050 2.5075 0.0312 2.1284 0.0261
250702_at AT5G06730 2.4536 0.0534 3.595 0.0313
251928_at AT3G53980 2.4532 0.0775 3.5938 0.0409
266475_at AT2G31100 2.4246 0.0342 0.5668 0.1599
248434_at AT5G51440 2.3838 0.032 3.1831 0.0249
267500_s_at AT2G45510;AT2G44890 2.3386 0.0468 1.8615 0.0528
260568_at AT2G43570 2.3061 0.0641 2.7281 0.0434
252417_at AT3G47480 2.3022 0.0699 2.6979 0.0486
256376_s_at AT1G66690;AT1G66700 2.2872 0.0442 1.6291 0.0559
246405_at AT1G57630 2.2859 0.0325 1.6105 0.0331
248321_at AT5G52740 2.2752 0.036 2.1127 0.0312
259757_at AT1G77510 2.2744 0.0323 2.3793 0.0251
245738_at AT1G44130 2.2644 0.0666 2.5258 0.049
257763_s_at AT3G23120;AT3G23110 2.2603 0.032 1.8216 0.0276
255340_at AT4G04490 2.2331 0.0381 2.0357 0.0333
252938_at AT4G39190 2.2328 0.0312 3.1595 0.0249
254265_s_at AT4G23140;AT4G23160 2.231 0.0391 2.132 0.0333
266797_at AT2G22840 2.2261 0.0433 1.5325 0.0563
261460_at AT1G07880 2.2259 0.0542 3.6147 0.0292
252314_at AT3G49400 2.2159 0.0438 -0.08967 0.4925
249581_at AT5G37600 2.1604 0.038 2.0353 0.0325
250994_at AT5G02490 2.1524 0.0445 1.7926 0.0456
259410_at AT1G13340 2.1502 0.032 2.6226 0.0249
252484_at AT3G46690 2.1475 0.0536 2.7812 0.0336
250211_at AT5G13880 2.135 0.0325 2.6474 0.0249
258252_at AT3G15720 2.1298 0.0463 1.9367 0.0434
253776_at AT4G28390 2.1296 0.0463 2.1269 0.0392
257366_s_at AT2G03290;AT2G03040 2.1268 0.0685 2.7046 0.0429
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
252068_at AT3G51440 2.1232 0.0446 2.1844 0.0357
254234_at AT4G23680 2.1183 0.0463 2.6523 0.032
256012_at AT1G19250 2.1177 0.1315 4.2169 0.0434
257592_at AT3G24982 2.1172 0.0426 2.2156 0.0335
267546_at AT2G32680 2.1111 0.0391 1.4769 0.0469
256431_s_at AT3G11010;AT5G27060 2.1037 0.0336 1.9081 0.0294
251975_at AT3G53230 2.0956 0.0312 2.328 0.0249
251633_at AT3G57460 2.0934 0.0425 1.8105 0.0409
250435_at AT5G10380 2.0807 0.0406 2.081 0.0331
250646_at AT5G06720 2.0783 0.0441 1.2017 0.0742
259550_at AT1G35230 2.0775 0.0666 2.7295 0.0407
259489_at AT1G15790 2.0755 0.044 2.0046 0.0375
258270_at AT3G15650 2.071 0.064 2.595 0.0416
255097_at no_match 2.0639 0.0426 -0.05245 0.5109
263161_at AT1G54020 2.0607 0.0509 2.2164 0.0391
252681_at AT3G44350 2.051 0.0391 1.7279 0.0374
259511_at AT1G12520 2.0505 0.032 2.0727 0.0251
254387_at AT4G21850 2.0342 0.0424 1.8376 0.038
251176_at AT3G63380 2.0273 0.0336 1.3705 0.0371
259040_at AT3G09270 2.0221 0.0525 2.0434 0.0434
252450_s_at AT3G47090;AT3G47580 2.0083 0.0421 1.224 0.0629
254741_s_at AT4G13920;AT4G13900 2.0026 0.0462 1.7053 0.0467
260475_at AT1G11080 1.6753 0.1443 4.0629 0.0374
265526_x_at AT2G06160 0.2754 0.5071 3.9312 0.0487
260978_at AT1G53540 1.1917 0.0915 3.8593 0.0249
248022_at AT5G56510 1.6749 0.1715 3.7782 0.0476
247753_at AT5G59070 1.3086 0.1885 3.279 0.0459
262069_at AT1G80090 0.1487 0.5269 2.9234 0.0483
266011_at AT2G37440 -0.783 0.2487 2.8819 0.0394
253632_at AT4G30430 1.6814 0.1225 2.8797 0.0496
264039_at AT2G03740 -1.0209 0.1805 2.8172 0.0395
250351_at AT5G12030 1.0303 0.1278 2.7808 0.032
252770_at AT3G42860 0.3778 0.3173 2.6695 0.0291
247691_at AT5G59720 -0.7098 0.2761 2.665 0.0434
265221_s_at AT2G02000;AT2G02010 1.2471 0.1427 2.6595 0.0432
266203_at AT2G02230 1.8269 0.032 2.6497 0.0249
253152_at AT4G35690 -0.2224 0.47 2.6467 0.0374
254059_at AT4G25200 0.9129 0.1992 2.5468 0.0429
252515_at AT3G46230 1.2754 0.1222 2.5368 0.0416
266415_at AT2G38530 1.356 0.0585 2.4773 0.0284
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
260116_at AT1G33960 1.6904 0.0312 2.464 0.0249
257099_s_at AT3G24982;AT3G25020 0.4288 0.3065 2.3876 0.0331
254869_at AT4G11890 1.8986 0.0435 2.3581 0.0309
266594_at AT2G46190 0.2591 0.3254 2.3159 0.0252
264635_at AT1G65500 1.6245 0.0799 2.2988 0.0431
246927_s_at AT5G25260;AT5G25250 1.3777 0.1017 2.2914 0.0434
255941_at AT1G20350 1.8615 0.052 2.2905 0.0341
252862_at AT4G39830 1.92 0.0679 2.2903 0.0457
256576_at AT3G28210 1.7149 0.0724 2.2776 0.0429
258203_at AT3G13950 1.9098 0.0685 2.2739 0.0461
250619_at AT5G07230 0.3543 0.2325 2.2208 0.0251
267101_at AT2G41480 1.3116 0.0426 2.1473 0.0251
247717_at AT5G59320 1.3619 0.0806 2.1381 0.0388
266352_at AT2G01610 1.7225 0.0468 2.123 0.0329
261692_at AT1G08450 1.9283 0.0356 2.1021 0.0275
265853_at AT2G42360 1.6424 0.0655 2.0952 0.0416
258209_at AT3G14060 1.2355 0.102 2.0828 0.0431
262548_at AT1G31280 1.5961 0.036 2.0479 0.0251
262930_at AT1G65690 1.3837 0.0545 2.0458 0.0314
253687_at AT4G29520 1.9406 0.0312 2.0453 0.0249
256981_at AT3G13380 1.8731 0.0312 2.0092 0.0249
262671_at AT1G76040 1.8048 0.0377 1.9944 0.0288
258277_at AT3G26830 1.3314 0.0549 1.9815 0.0314
255744_at AT1G32040 0.861 0.1787 1.9796 0.0488
247749_at AT5G58850 0.3254 0.3988 1.976 0.0478
262061_at AT1G80110 1.8305 0.036 1.9573 0.0284
265658_at AT2G13810 1.2889 0.0961 1.9552 0.0465
247604_at AT5G60950 1.7882 0.0312 1.9491 0.0249
259385_at AT1G13470 1.6222 0.0539 1.9312 0.0369
264433_at AT1G61810 0.8662 0.0996 1.8786 0.033
265189_at AT1G23840 1.5614 0.0479 1.8742 0.0334
259143_at AT3G10190 1.9319 0.0369 1.8678 0.0313
251400_at AT3G60420 1.892 0.0312 1.8664 0.0249
245401_at AT4G17670 1.5627 0.032 1.8638 0.0249
249346_at AT5G40780 1.7415 0.0448 1.8548 0.0349
250287_at AT5G13330 1.5249 0.068 1.8369 0.0451
265354_at AT2G16700 1.3101 0.0431 1.8349 0.0277
267189_at AT2G44180 1.6819 0.038 1.8343 0.0293
249091_at AT5G43860 1.7987 0.0535 1.8326 0.0434
257466_at AT1G62840 1.2211 0.0886 1.831 0.0439
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248668_at AT5G48720 1.0254 0.1137 1.8297 0.0436
249096_at AT5G43910 1.4661 0.0771 1.8211 0.0493
256942_at AT3G23290 1.8111 0.0312 1.8161 0.0249
256366_at AT1G66880 1.8721 0.036 1.8154 0.0307
263404_s_at AT2G04090;AT2G04100 1.629 0.0342 1.8115 0.0263
262357_at AT1G73040 1.6727 0.0462 1.8097 0.0354
259598_at AT1G27980 1.8606 0.0312 1.7972 0.0249
248889_at AT5G46230 1.4663 0.046 1.7859 0.0323
260648_at AT1G08050 1.5497 0.0334 1.7722 0.0251
255430_at AT4G03320 1.8407 0.0407 1.7685 0.0339
252464_at AT3G47160 1.4655 0.0705 1.7593 0.0469
252136_at AT3G50770 1.7074 0.0513 1.7579 0.0417
260046_at AT1G73805 1.5762 0.0426 1.756 0.0321
250625_at AT5G07340 1.7713 0.0362 1.7515 0.0306
247043_at AT5G66880 1.7004 0.0521 1.7512 0.0424
249974_at AT5G18780 1.2219 0.0549 1.7428 0.0323
266327_at AT2G46680 1.1489 0.0436 1.74 0.027
262133_at AT1G78000 0.802 0.1506 1.7391 0.0442
252977_at AT4G38560 1.0743 0.111 1.7373 0.0489
252060_at AT3G52430 1.4012 0.0391 1.7314 0.0277
260556_at AT2G43620 1.5272 0.0426 1.7295 0.0321
246600_at AT5G14930 1.5001 0.052 1.717 0.0371
260900_s_at AT1G21400;AT5G34780 1.4203 0.0587 1.7033 0.04
255148_at AT4G08470 1.6639 0.0579 1.6891 0.0476
262504_at AT1G21750 1.7094 0.0406 1.6836 0.0334
254894_at AT4G11840 1.5835 0.0499 1.6777 0.0392
259992_at AT1G67970 1.9625 0.0391 1.6749 0.0374
264832_at AT1G03660 1.6143 0.0572 1.6729 0.0457
250935_at AT5G03240 0.8221 0.0768 1.6712 0.0303
262118_at AT1G02850 1.9331 0.0471 1.6656 0.0479
259382_s_at AT3G16430;AT3G16420 1.1925 0.0579 1.6648 0.0334
246214_at AT4G36988;AT4G36990 1.3965 0.0468 1.6627 0.0333
250096_at AT5G17190 1.2353 0.0312 1.6472 0.0249
266988_at AT2G39310 1.2487 0.0709 1.6444 0.0425
264045_at AT2G22450 1.3766 0.0567 1.6337 0.039
254500_at AT4G20110 1.9338 0.0443 1.6248 0.0449
248551_at AT5G50200 1.3478 0.0312 1.6127 0.0249
253842_at AT4G27860 1.5653 0.0312 1.6049 0.0249
252117_at AT3G51430 1.5507 0.0442 1.5966 0.0353
262092_at AT1G56150 1.3743 0.032 1.5957 0.0249  
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264223_s_at AT3G16030 1.8189 0.0426 1.4496 0.0451
249896_at AT5G22530 1.9607 0.0435 1.4474 0.0516
254027_at AT4G25835 0.8308 0.0823 1.4423 0.0351
253105_at no_match 1.5236 0.0336 1.4414 0.0288
251499_at AT3G59100 1.4927 0.0426 1.4386 0.0363
250737_at AT5G06370 1.3753 0.0312 1.4377 0.0249
251886_at AT3G54260 1.33 0.0403 1.434 0.0316
250603_at AT5G07820 1.092 0.0709 1.4222 0.0429
261125_at AT1G04990 1.0237 0.0547 1.4221 0.033
250497_at AT5G09630 0.4771 0.1282 1.4165 0.0296
259936_at no_match 1.3494 0.0312 1.4149 0.0249
262703_at AT1G16510 1.9397 0.0348 1.409 0.0355
258316_at AT3G22660 1.163 0.0463 1.4063 0.0329
245319_at AT4G16146 0.8498 0.1097 1.4053 0.0467
263179_at AT1G05710 1.4226 0.0334 1.4043 0.0277
248908_at AT5G45800 1.5382 0.0312 1.4011 0.0249
256647_at AT3G13610 1.0892 0.0655 1.3985 0.0413
256240_at AT3G12600 1.1255 0.0355 1.3947 0.0251
256998_at AT3G14180 0.9448 0.0549 1.3929 0.0316
255319_at AT4G04220 1.4846 0.0312 1.3911 0.0249
251438_s_at AT3G59930;AT5G33355 0.7147 0.1184 1.3839 0.0418
263183_at AT1G05570 1.666 0.0424 1.3808 0.0425
245340_at AT4G14420 1.0611 0.0647 1.3787 0.04
259327_at AT3G16460 1.1616 0.0543 1.3779 0.0373
266150_s_at AT2G12290;AT4G19700 1.1447 0.0448 1.3758 0.0321
263914_at AT2G36400 1.749 0.0312 1.3735 0.0274
251789_at AT3G55450 1.2757 0.0336 1.3735 0.0266
246550_at AT5G14920 1.283 0.0616 1.373 0.0479
259899_at AT1G71210 0.8369 0.1049 1.3697 0.0456
266993_at AT2G39210 0.8556 0.0633 1.3653 0.0323
260760_at AT1G49170 0.5686 0.1164 1.3644 0.033
247529_at AT5G61520 1.3358 0.0381 1.3581 0.0313
258262_at AT3G15770 0.9089 0.0823 1.3581 0.042
260438_at AT1G68290 0.8468 0.09 1.357 0.0418
267590_at AT2G39700 1.1777 0.0391 1.3566 0.0293
251840_at AT3G54960 1.4871 0.0312 1.3554 0.0249
263986_at AT2G42790 1.5248 0.0421 1.3553 0.0386
245293_at AT4G16660 1.3753 0.036 1.3528 0.0306
246749_at AT5G27830 1.0394 0.0435 1.3521 0.0294
245659_at AT1G28260 1.442 0.0421 1.3515 0.0359
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264657_at AT1G09100 1.3005 0.032 1.3475 0.0249
264517_at AT1G10120 1.5997 0.0312 1.3445 0.0249
254079_at AT4G25730 0.9242 0.09 1.3424 0.0464
252387_at AT3G47800 1.1524 0.064 1.3417 0.0443
245668_at AT1G28330 0.179 0.4044 1.3391 0.0386
258939_at AT3G10020 0.4164 0.2346 1.3375 0.043
261211_at AT1G12780 1.2364 0.0591 1.337 0.0451
256451_s_at AT1G75170 1.1137 0.0436 1.3362 0.0314
257139_at AT3G28890 1.4921 0.0433 1.3358 0.0409
254847_at AT4G11850 1.2114 0.0446 1.3312 0.0338
251370_at AT3G60450 1.1505 0.0354 1.3305 0.0265
259655_at AT1G55210 1.104 0.0519 1.3227 0.0351
258913_at AT3G06450 1.3711 0.032 1.3176 0.0251
247835_at AT5G57910 0.7141 0.0908 1.315 0.0355
257735_at AT3G27400 1.4843 0.0355 1.3134 0.0317
258160_at AT3G17820 1.31 0.0312 1.3133 0.0249
266234_at AT2G02350 1.5598 0.0426 1.3017 0.0429
251672_at AT3G57230 1.41 0.0346 1.2977 0.0294
254101_at AT4G25000 0.9804 0.0842 1.2957 0.0496
261500_at AT1G28400 1.0528 0.0388 1.2927 0.0275
249372_at AT5G40760 1.3957 0.0312 1.2903 0.0249
255590_at AT4G01610 1.1856 0.0504 1.2833 0.0387
253377_at AT4G33300 1.44 0.0504 1.282 0.0488
247429_at AT5G62620 1.1079 0.0365 1.2808 0.0275
257000_at AT3G14120 0.7604 0.0443 1.2784 0.0251
258201_at AT3G13910 0.8256 0.064 1.2749 0.0331
261485_at AT1G14360 1.7083 0.032 1.2711 0.0292
264645_at AT1G08940 1.0806 0.0349 1.2711 0.0256
252373_at AT3G48090 1.2253 0.0466 1.2679 0.0374
246929_at AT5G25210 0.9969 0.0669 1.2673 0.0422
257708_at AT3G13330 1.4316 0.038 1.2667 0.0334
255508_at AT4G02220 1.2902 0.0376 1.2666 0.0313
259583_at AT1G28070 0.8947 0.0426 1.2655 0.0275
265450_at AT2G46620 0.9143 0.0518 1.2636 0.0317
253292_at AT4G33985 0.3412 0.1743 1.261 0.0299
256803_at AT3G20960 1.6601 0.0347 1.2606 0.0339
254346_at AT4G21980 0.7913 0.1026 1.2597 0.0461
256720_at AT2G34140 1.3227 0.0545 1.2581 0.0488
263536_at AT2G25000 1.3036 0.0391 1.2572 0.0332
265395_at AT2G20850 1.3313 0.032 1.2567 0.0251
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254166_at AT4G24190 1.4321 0.0312 1.2505 0.0249
251986_at AT3G53310 1.2765 0.0424 1.2437 0.035
258288_at no_match 1.7421 0.0491 1.2424 0.0646
251422_at AT3G60540 1.5218 0.0436 1.242 0.0456
249754_at AT5G24530 1.499 0.0426 1.2299 0.0434
250604_at AT5G07830 1.2248 0.0496 1.2299 0.0417
253702_at AT4G29900 1.0528 0.0457 1.2262 0.0331
259561_at AT1G21250 1.4098 0.0443 1.2232 0.0432
262926_s_at AT1G65800;AT1G65790 1.2135 0.0549 1.2232 0.0457
257444_at AT2G12550 1.1657 0.0312 1.2229 0.0249
255599_at AT4G01010 1.3743 0.0312 1.2224 0.0251
265344_at AT2G22660 1.5732 0.0436 1.2215 0.0488
266090_at AT2G38000 1.0879 0.0452 1.2208 0.0336
263962_at AT2G36350 0.7227 0.0349 1.2183 0.0249
259381_s_at AT3G16410;AT3G16390;A 1.3234 0.032 1.217 0.0263
248228_at AT5G53800 0.4112 0.0813 1.2067 0.0251
262844_at AT1G14890 1.0472 0.0426 1.2055 0.0316
255943_at AT1G22370 0.8435 0.0553 1.203 0.0325
266835_at AT2G29990 0.9999 0.0647 1.2027 0.0434
256308_s_at AT1G30420;AT1G30410 1.3626 0.032 1.2025 0.0264
250644_at AT5G06750 1.5194 0.0332 1.2015 0.0314
263734_at AT1G60030 1.4316 0.0349 1.201 0.0321
248092_at AT5G55170 1.0601 0.0604 1.198 0.0434
248994_at AT5G45250 0.9142 0.0579 1.1955 0.0355
254093_at AT4G25110 1.6709 0.0349 1.1954 0.0371
248820_at AT5G47060 0.681 0.1122 1.1904 0.0444
266776_at AT2G29070 0.9851 0.0679 1.1858 0.0451
259868_at AT1G76760 0.8896 0.0749 1.1844 0.0436
256787_at AT3G13790 1.0859 0.036 1.1813 0.0277
259954_at AT1G75130 0.7712 0.0898 1.1801 0.0434
249582_at AT5G37780 0.5577 0.1213 1.1766 0.0379
260239_at AT1G74360 0.6052 0.1399 1.1761 0.0479
246743_at AT5G27750 0.5008 0.0647 1.1728 0.0251
266761_at AT2G47130 1.4833 0.0334 1.1719 0.0323
266371_at AT2G41410 0.9401 0.0709 1.1717 0.0451
252587_at AT3G45620 1.3075 0.0418 1.1716 0.0374
251424_at AT3G60560 -0.1124 0.4442 1.1714 0.0344
255318_at AT4G04190 1.0284 0.0681 1.17 0.0489
248944_at AT5G45500 1.4051 0.0312 1.1691 0.0251
254409_at AT4G21400 1.6564 0.0312 1.1647 0.0284
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266049_at AT2G40780 0.5223 0.1564 1.1639 0.0442
250627_at AT5G07360 1.11 0.0312 1.1615 0.0249
258563_at AT3G05970 1.0291 0.032 1.1615 0.0249
257295_at AT3G17420 0.7888 0.0383 1.1604 0.0249
254457_at AT4G21170 0.4435 0.1315 1.1603 0.033
261013_at AT1G26440 0.9585 0.0638 1.1588 0.0425
265373_at AT2G06510 0.8298 0.0547 1.1579 0.0329
245052_at AT2G26440 1.6018 0.0426 1.1576 0.051
266428_at AT2G07180 1.196 0.0525 1.1569 0.0457
252295_at AT3G49100 0.6471 0.0482 1.1561 0.0257
245956_s_at AT5G42020;AT5G28540 1.3187 0.036 1.156 0.033
251182_at AT3G62600 1.2982 0.0312 1.1522 0.0249
251210_at AT3G62810 0.6777 0.0549 1.152 0.0286
259057_at AT3G03310 1.3015 0.0312 1.1517 0.0251
252250_at AT3G49790 0.7935 0.06 1.1517 0.0333
247545_at AT5G61530 1.2713 0.0332 1.1512 0.0286
261899_at AT1G80820 0.7226 0.0986 1.1512 0.0447
252095_at AT3G51000 0.973 0.0349 1.15 0.0257
248062_at AT5G55450 1.0346 0.0657 1.1483 0.0489
256016_at AT1G19240 0.7668 0.036 1.1423 0.0249
262079_at AT1G59600 0.5666 0.0701 1.1415 0.0291
264362_at AT1G03290 1.1177 0.0436 1.1409 0.0351
266165_at AT2G28190 0.8703 0.0731 1.1382 0.0436
247199_at AT5G65210 0.8388 0.0723 1.1361 0.0421
264405_at AT1G10210 0.6969 0.0681 1.136 0.0331
260203_at AT1G52890 0.4447 0.1494 1.1329 0.0366
258923_at AT3G10450 1.0557 0.059 1.1306 0.0457
246230_at AT4G36710 1.1828 0.0388 1.1269 0.033
256013_at AT1G19270 0.7818 0.0719 1.1228 0.039
256249_at AT3G11270 1.1531 0.036 1.1206 0.0312
246055_at AT5G08380 1.1697 0.0348 1.118 0.0293
253401_at AT4G32870 0.8269 0.038 1.1156 0.0251
251917_at AT3G53970 0.6721 0.0678 1.1053 0.033
257798_at AT3G15950 0.9378 0.0504 1.1051 0.0348
265083_at AT1G03820 1.1372 0.0431 1.1033 0.0366
250477_at AT5G10190 0.7951 0.0519 1.1026 0.0317
261720_at AT1G08460 1.3506 0.0355 1.102 0.0333
259065_at AT3G07520 1.8984 0.0334 1.0985 0.0433
256937_at AT3G22620 0.9156 0.0602 1.0978 0.041
250829_at AT5G04720 1.1038 0.0514 1.0958 0.0431
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262408_at AT1G34750 0.9167 0.0636 1.0922 0.0429
265356_at AT2G16595 1.0493 0.0565 1.0912 0.045
259819_at AT1G49820 0.9487 0.0334 1.0912 0.0251
246755_at AT5G27920 0.8244 0.0567 1.0905 0.0341
255037_at AT4G09460 0.6833 0.0788 1.0898 0.0371
249237_at AT5G42050 0.9949 0.0579 1.0884 0.0433
262888_at AT1G14790 1.1521 0.0325 1.0876 0.027
246421_at AT5G16880 0.9829 0.04 1.0841 0.0312
262845_at AT1G14740 0.3782 0.2197 1.0833 0.0457
264766_at AT1G61420 1.0858 0.0474 1.0806 0.0409
266500_at AT2G06925 0.8739 0.0722 1.0804 0.0461
267375_at AT2G26300 1.0506 0.0312 1.0798 0.0249
266229_at AT2G28840 1.2958 0.038 1.0792 0.0355
266709_at AT2G03120 0.9717 0.0431 1.0764 0.033
264462_at AT1G10200 0.6329 0.0482 1.0752 0.027
260690_at AT1G32340 0.9312 0.0391 1.0748 0.0293
245932_at AT5G09290 1.7568 0.0388 1.0747 0.0538
256637_at AT3G12030 0.6378 0.0558 1.0745 0.0291
251739_at AT3G56170 0.8488 0.0467 1.0732 0.032
259271_at AT3G01170 0.6884 0.1007 1.0722 0.0467
250899_at AT5G03340 0.7513 0.0706 1.0717 0.0386
252166_at AT3G50500 1.0554 0.0383 1.0707 0.0313
254736_at AT4G13820 1.2552 0.0426 1.07 0.0422
266288_s_at AT2G29200;AT2G29140 0.6282 0.0912 1.0685 0.0394
255953_at AT1G22070 1.1453 0.0312 1.0664 0.0249
261937_at AT1G22570 0.9775 0.0428 1.0658 0.033
260362_at AT1G70530 0.6749 0.0813 1.0628 0.039
248556_at AT5G50350 1.0228 0.05 1.0626 0.0403
260249_s_at AT1G74280;AT1G74290 0.8917 0.0696 1.0626 0.0469
246239_at AT4G36790 0.6657 0.0737 1.0614 0.0352
265879_at AT2G42450 0.4836 0.1488 1.0612 0.0432
249796_at AT5G23540 1.1144 0.0312 1.0606 0.0249
252186_at AT3G50810 1.3197 0.0448 1.0601 0.0488
262275_at AT1G68710 1.2119 0.0312 1.0594 0.0249
251659_at AT3G57090 0.9679 0.0342 1.0594 0.0265
264382_at AT2G25110 1.1832 0.0391 1.0584 0.0355
267483_at AT2G02810 1.2529 0.044 1.0573 0.044
245175_at AT2G47470 1.1276 0.0391 1.0573 0.0339
256256_at AT3G11230 0.9162 0.0431 1.0573 0.032
252331_s_at AT3G48780;AT3G48790 0.7438 0.0744 1.0555 0.041
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261415_at AT1G07750 1.0535 0.041 1.0551 0.0333
259756_at AT1G71080 0.9061 0.0638 1.0524 0.0442
266350_at AT2G01470 0.3848 0.0543 1.0513 0.0249
266839_at AT2G25930 1.2483 0.0462 1.0486 0.0476
253950_at AT4G26910 0.6756 0.0864 1.045 0.0421
263015_at AT1G23440 0.4516 0.1778 1.043 0.0482
251282_at AT3G61630 0.6987 0.0857 1.0421 0.0432
250264_at AT5G12890 1.1534 0.0325 1.042 0.0284
265868_at AT2G01650 1.0788 0.036 1.0418 0.0308
267378_at AT2G26200 0.7602 0.0696 1.0416 0.04
256110_at AT1G16900 1.1028 0.0312 1.037 0.0249
259240_at AT3G11590 0.6343 0.0785 1.0368 0.0358
265352_at AT2G16600 0.6263 0.1122 1.036 0.048
246962_s_at AT5G24800 0.7925 0.0437 1.0357 0.0294
252175_at AT3G50700 0.5484 0.1165 1.034 0.0424
256426_at AT1G33420 0.8393 0.06 1.0336 0.0395
259724_at AT1G60940 0.8441 0.0577 1.0332 0.0377
252345_at AT3G48640 1.601 0.049 1.0324 0.074
258614_at AT3G02770 0.6151 0.0618 1.0321 0.0312
267401_at AT2G26210 0.5057 0.0579 1.0301 0.0263
246982_s_at AT5G04860;AT2G10560 0.2112 0.1624 1.0269 0.0249
251022_at AT5G02150 0.9468 0.036 1.023 0.0284
251429_at AT3G60190 1.0017 0.0501 1.0207 0.0416
247571_at AT5G61210 0.6512 0.0818 1.019 0.0394
248230_at AT5G53830 0.7341 0.066 1.0187 0.0374
251018_at AT5G02450 0.4244 0.115 1.0177 0.033
246518_at AT5G15770 0.5443 0.0832 1.0162 0.0333
264219_at AT1G60420 1.0057 0.0334 1.0119 0.027
245271_at AT4G16430 1.0371 0.0366 1.0061 0.0313
255452_at AT4G02880 1.3237 0.0312 1.0046 0.0249
248833_at AT5G47120 1.1447 0.0342 0.9997 0.0312
255819_s_at AT2G40590;AT2G40510 0.04006 0.5147 0.9991 0.0313
255671_at AT4G00355 0.8282 0.0496 0.9978 0.0339
252313_at AT3G49390 0.725 0.0739 0.9969 0.0422
245359_at AT4G14430 1.2181 0.0404 0.9959 0.0409
252000_at AT3G52710 0.673 0.0823 0.9957 0.0424
264260_at AT1G09210 1.243 0.0391 0.9941 0.0394
245365_at AT4G17720 0.84 0.038 0.9937 0.0277
247080_at AT5G66140 0.8949 0.0312 0.9932 0.0249
257787_at AT3G27000 0.6954 0.0431 0.9914 0.0275
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256235_at AT3G12490 0.7596 0.0391 0.99 0.027
263496_at AT2G42570 1.1415 0.0482 0.9884 0.0487
251790_at AT3G55470 0.8523 0.0584 0.9879 0.0416
250718_at AT5G06240 0.6954 0.0744 0.9857 0.041
259256_at AT3G07680 0.6431 0.0551 0.9854 0.0312
259739_at AT1G64350 1.2777 0.0461 0.9831 0.0536
264767_at AT1G61380 0.4336 0.1188 0.983 0.0344
259297_at AT3G05360 0.5047 0.144 0.9812 0.0489
252956_at AT4G38580 0.7293 0.0547 0.9796 0.0333
247338_at AT5G63680 1.1972 0.0325 0.9782 0.0302
245879_at AT5G09420 0.8668 0.0543 0.9747 0.0399
255280_at AT4G04960 0.3329 0.2067 0.9738 0.0424
259424_at AT1G13830 1.6707 0.0325 0.9734 0.0405
247858_at AT5G58220 1.0221 0.032 0.9728 0.0269
266822_at AT2G44860 0.5737 0.0804 0.9719 0.0354
246384_at AT1G77370 0.8041 0.0523 0.9717 0.0352
254423_at AT4G21610 1.3036 0.0332 0.971 0.033
262246_at AT1G48410 0.8661 0.0485 0.9705 0.0355
261339_at AT1G35710 1.4719 0.0345 0.9697 0.0394
245775_at AT1G30270 0.4524 0.0933 0.9681 0.0323
262155_at AT1G52420 0.8675 0.036 0.9658 0.0275
263333_at AT2G03890 0.5427 0.1176 0.9628 0.0456
266881_at AT2G44680 0.6818 0.0583 0.9622 0.0334
247836_at AT5G57860 0.3214 0.1967 0.9597 0.0392
264355_at AT1G03210 1.1414 0.0312 0.9587 0.0257
256232_at AT3G12570 0.6517 0.0855 0.9584 0.0434
249374_at AT5G40580 1.1102 0.038 0.9559 0.0342
245303_at AT4G17010 0.5765 0.0482 0.9554 0.027
247945_at AT5G57150 1.1056 0.036 0.9532 0.033
265700_at AT2G03470 0.7526 0.0511 0.953 0.0333
257719_at AT3G18440 1.0476 0.0484 0.9522 0.0456
262950_at AT1G75510 0.7354 0.0585 0.9522 0.0362
255668_s_at AT4G00238;AT4G00250 0.7295 0.0521 0.9517 0.0331
249878_at AT5G23090 0.4008 0.0923 0.9516 0.0296
266782_at AT2G29120 1.2262 0.0452 0.9514 0.0517
263532_s_at AT5G37350;AT2G24990 0.9017 0.0421 0.9497 0.033
256657_at AT3G18860 1.0474 0.036 0.9494 0.0316
262943_at AT1G79470 0.7598 0.032 0.9492 0.0249
256413_at AT3G11100 0.4931 0.1427 0.9452 0.0494
256067_at AT1G07170 0.5763 0.0549 0.9433 0.0293
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253969_at AT4G26430 0.7419 0.0769 0.9425 0.0476
248692_s_at AT4G15070;AT5G48320 -0.1633 0.3782 0.9411 0.0442
247444_at AT5G62630 1.1722 0.0468 0.9398 0.0518
246944_at AT5G25450 0.7674 0.0719 0.9376 0.0467
254389_s_at AT4G21903;AT4G21910 0.828 0.0628 0.9375 0.0451
262038_at AT1G35580 0.9754 0.0398 0.9362 0.0336
266130_at AT2G44980 0.624 0.0987 0.9351 0.0487
250401_at AT5G10780 0.7087 0.047 0.9346 0.0314
253777_at AT4G28450 1.1947 0.0459 0.9338 0.0518
262223_at AT1G74680 0.8734 0.0329 0.9321 0.0252
249827_at AT5G23330 0.9507 0.0391 0.9316 0.033
267309_at AT2G19385 0.4614 0.1375 0.9307 0.0446
246524_at AT5G15860 0.9236 0.041 0.9304 0.0332
253735_at AT4G29160 0.5635 0.0547 0.9293 0.0291
255650_s_at AT5G37190;AT4G00930 0.07831 0.4822 0.9286 0.0433
256854_at AT3G15180 1.1136 0.0433 0.9279 0.0434
264585_at AT1G05180 0.8065 0.038 0.9278 0.0281
249427_at AT5G39850 0.661 0.0799 0.9266 0.0434
245991_at AT5G20660 1.1873 0.0349 0.9265 0.0338
266399_at AT2G38670 0.7475 0.0638 0.9251 0.0416
263583_at AT2G17130 0.6503 0.0771 0.9251 0.042
255561_at AT4G02050 1.2478 0.0391 0.925 0.0434
259198_at AT3G03610 0.9416 0.0334 0.9238 0.0277
247197_at AT5G65240 0.105 0.4616 0.9223 0.0497
264398_at AT1G61730 0.6912 0.0787 0.922 0.0457
254952_at AT4G10955;AT4G10960 0.5634 0.0771 0.922 0.0355
250931_at AT5G03200 0.8474 0.032 0.9208 0.0249
257129_at AT3G20100 1.6404 0.0312 0.9199 0.0342
246789_at AT5G27600 1.095 0.0431 0.9167 0.0433
265703_at AT2G03430 0.5479 0.0923 0.9163 0.0408
253789_at AT4G28570 1.1985 0.0349 0.9154 0.034
254262_at AT4G23470 1.6311 0.0312 0.9149 0.0338
246803_at AT5G26980 0.4271 0.1316 0.9144 0.0407
246184_at AT5G20950 0.8926 0.0391 0.913 0.0321
247570_at AT5G61250 1.1318 0.0334 0.9121 0.0319
253184_at AT4G35230 0.7261 0.0519 0.9103 0.0338
249753_at AT5G24610 0.7174 0.0345 0.9074 0.0249
246457_at AT5G16750 0.5401 0.0884 0.9067 0.0388
254851_at AT4G12010 0.8505 0.0574 0.9059 0.0442
252168_at AT3G50440 0.6597 0.0621 0.9055 0.0355
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253321_at AT4G33910 0.689 0.0644 0.9039 0.0392
259609_at AT1G52410 0.9998 0.0488 0.9009 0.0461
258027_at AT3G19515 0.8934 0.0579 0.9006 0.0485
252572_at AT3G45290 1.0348 0.0349 0.9001 0.0317
246770_at AT5G27460 0.5131 0.0719 0.8991 0.0325
264595_at AT1G04750 0.4772 0.1307 0.896 0.0465
266206_at AT2G27730 0.8282 0.0468 0.8951 0.0359
260520_at AT1G51590 0.3915 0.079 0.895 0.0284
250013_at AT5G18040 0.9513 0.0389 0.8943 0.0331
255081_at AT4G09140 1.2095 0.0312 0.8938 0.0277
253388_at AT4G32910 0.9298 0.0482 0.8936 0.0428
262749_at AT1G28580 1.0194 0.0383 0.8927 0.0341
258774_at AT3G10740 0.8292 0.0613 0.8925 0.0471
252170_at AT3G50480 1.2924 0.0383 0.8924 0.0451
260687_at AT1G17530 0.7511 0.0542 0.8906 0.0371
257191_at AT3G13175 1.3516 0.0388 0.8902 0.0488
247589_at AT5G60690 0.9234 0.0459 0.8887 0.0406
252335_at AT3G48860 0.7709 0.0609 0.8874 0.0432
266700_at AT2G19740 0.7543 0.052 0.8853 0.0359
261285_at AT1G35720 0.598 0.0637 0.8846 0.0339
261209_at AT1G12810 0.2814 0.2001 0.8826 0.0374
258435_at AT3G16740 0.4766 0.137 0.8819 0.0499
261250_at AT1G05890 0.7255 0.0513 0.8818 0.034
265943_at AT2G19570 0.9355 0.0468 0.8804 0.0429
254778_at AT4G12750 0.8899 0.0318 0.8791 0.0249
247374_at AT5G63190 0.5343 0.0691 0.8789 0.0331
250655_at AT5G06960 0.3384 0.1199 0.8786 0.0317
249442_at AT5G39590 0.9731 0.0421 0.8784 0.0374
256568_at AT3G19520 0.7815 0.0391 0.8778 0.0294
248032_at AT5G55860 0.6422 0.0737 0.8775 0.0424
245046_at AT2G26510 0.7523 0.0424 0.8774 0.0312
261333_at AT1G44910 0.6116 0.0892 0.8769 0.0467
264883_s_at AT1G61250;AT1G11180 0.9086 0.0468 0.8764 0.0418
249973_at AT5G19130 0.8337 0.0588 0.8757 0.0467
255469_at AT4G03030 0.6784 0.0668 0.8751 0.0416
264458_at AT1G10410 1.1491 0.0354 0.874 0.0351
245888_at AT5G09450 0.7166 0.0414 0.8737 0.0293
254287_at AT4G22960 0.7441 0.06 0.8736 0.042
254558_at AT4G19185 1.3696 0.036 0.8721 0.0442
249816_at AT5G23880 1.2765 0.0312 0.8703 0.0286
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263517_at AT2G21620 0.5339 0.082 0.8702 0.0374
260682_at AT1G17510 0.8227 0.0441 0.8693 0.0341
257621_at AT3G20410 0.4556 0.1115 0.8692 0.0404
266036_s_at AT2G05840;AT5G35590 0.5041 0.064 0.8683 0.0312
250553_at AT5G07960 0.4717 0.0823 0.8676 0.0334
255360_at AT4G03960 0.8417 0.0513 0.8675 0.0416
260884_at AT1G29240 1.3698 0.0468 0.8669 0.0726
249525_at AT5G38650 0.8595 0.0312 0.8662 0.0249
245320_at AT4G16444 0.5238 0.0636 0.8644 0.0316
247494_at AT5G61790 1.0636 0.032 0.8627 0.0293
246189_at AT5G20910 0.8972 0.0521 0.8611 0.0458
264772_at AT1G22930 0.965 0.0493 0.8598 0.0475
251932_at AT3G54010 0.9193 0.0349 0.8592 0.0299
253037_at AT4G38270 0.8394 0.0539 0.8588 0.0434
254073_at AT4G25500 0.4324 0.1396 0.8576 0.0461
253460_at no_match 0.1926 0.3262 0.8569 0.0457
247957_at AT5G57050 0.7066 0.0692 0.8556 0.0457
252354_at AT3G48170 0.8862 0.0468 0.853 0.0418
266449_at AT2G43080 0.9057 0.044 0.8512 0.0391
255983_at AT1G33990 0.6364 0.0622 0.8511 0.0371
255797_at AT2G33630 0.9296 0.0468 0.8504 0.0434
260899_at AT1G21370 0.7244 0.0514 0.8477 0.0355
262112_at AT1G02870 0.5078 0.1166 0.8472 0.0489
247558_at AT5G61060 0.5489 0.0834 0.846 0.041
262856_at AT1G14910 0.7748 0.0438 0.8453 0.0334
248766_at AT5G47580 0.6669 0.0391 0.8447 0.0277
265661_at AT2G24360 0.9587 0.0447 0.8416 0.0433
246311_at AT3G51880 -0.04651 0.5148 0.8404 0.0422
253231_at AT4G34450 0.5795 0.0346 0.8401 0.0249
249036_at AT5G44200 0.4687 0.0758 0.84 0.033
254275_at AT4G22670 0.8941 0.0346 0.8382 0.0293
256508_at AT1G75140 0.618 0.0426 0.8367 0.0284
261337_at AT1G44810 0.2004 0.2875 0.8365 0.0414
253691_at AT4G29660 0.3609 0.0553 0.8359 0.0249
256921_at AT3G18940 0.8072 0.0391 0.8356 0.0317
267605_at AT2G32920 0.9735 0.0329 0.8341 0.0293
260442_at AT1G68220 0.6115 0.0446 0.834 0.0293
258749_at AT3G05760 0.7905 0.0562 0.8328 0.044
261561_at AT1G01730 0.6079 0.0804 0.8326 0.0451
256173_at AT1G51730 0.5176 0.1054 0.8319 0.0467
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257939_at AT3G19930 0.7889 0.0578 0.8315 0.0451
261586_at AT1G01640 1.4661 0.04 0.8308 0.0649
262716_at AT1G16470 0.8683 0.0451 0.8308 0.0399
259307_at AT3G05230 0.5526 0.0875 0.8298 0.0434
248276_at AT5G53550 0.9719 0.036 0.8297 0.0331
253081_at AT4G36210 0.6145 0.0764 0.8294 0.0434
254682_at AT4G13640 0.5999 0.0426 0.8287 0.0277
250423_s_at AT5G10600;AT5G10610 0.9627 0.0463 0.8275 0.0461
255728_at AT1G25500 0.7091 0.0542 0.8264 0.0377
253453_at AT4G31860 0.5928 0.0713 0.8263 0.04
246153_s_at AT5G20010;AT5G20020 0.3866 0.0911 0.8254 0.032
259403_at AT1G17745 0.4467 0.0897 0.8252 0.0351
259942_at AT1G71260 0.625 0.0655 0.8239 0.0397
251475_at AT3G59660 0.9853 0.036 0.8234 0.0333
252680_at AT3G44330 0.4922 0.1007 0.8228 0.0429
266727_at AT2G03150 0.5402 0.0771 0.8227 0.0387
247810_at AT5G58290 0.9149 0.0312 0.8213 0.0249
262258_at AT1G53850 0.7452 0.0462 0.82 0.0346
258524_at AT3G06810 0.8344 0.0512 0.8159 0.0434
264847_at AT2G17380 0.556 0.0459 0.8159 0.0284
250400_at AT5G10740 1.3002 0.0391 0.8154 0.0552
254375_at AT4G21800 0.7277 0.0519 0.8146 0.0378
265101_at AT1G30880 0.8647 0.0312 0.8144 0.0249
258079_at AT3G25940 0.5987 0.0666 0.8124 0.039
256074_at AT1G18260 0.7215 0.064 0.8117 0.0461
267452_at AT2G33860 1.1052 0.0451 0.8108 0.0557
248478_at AT5G50870 0.5674 0.076 0.8108 0.0416
249801_at AT5G23580 0.7237 0.0519 0.8099 0.0378
260395_at AT1G69780 0.6444 0.0771 0.8091 0.0486
256380_at AT1G66680 0.675 0.0616 0.8084 0.042
250129_at AT5G16450 0.7901 0.0431 0.8078 0.0343
247248_at AT5G64560 0.461 0.0669 0.8072 0.0314
260852_at AT1G21900 0.7283 0.0325 0.8071 0.0249
266351_at AT2G01490 0.5206 0.0448 0.8062 0.027
250890_at AT5G04520 0.9338 0.038 0.806 0.0342
263075_at AT2G17570 0.8986 0.038 0.805 0.0332
257852_at AT3G12950 1.0844 0.0334 0.8048 0.033
252213_at AT3G50210 1.0688 0.0406 0.8032 0.0447
264780_at AT1G08720 1.016 0.0334 0.8014 0.0323
247175_at AT5G65280 0.6968 0.0427 0.8004 0.0317
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255827_at AT2G40600 1.0033 0.038 0.7993 0.0374
260345_at AT1G69270 0.8125 0.0375 0.7975 0.0312
262497_at AT1G21720 0.8264 0.0325 0.7972 0.0266
247791_at AT5G58710 0.7205 0.0457 0.7962 0.034
251541_at AT3G58750 0.5947 0.0391 0.7958 0.0265
263526_at AT2G24830 0.4076 0.0977 0.7955 0.0352
255279_at AT4G04950 0.55 0.0627 0.7952 0.034
264701_at AT1G70160 0.7054 0.0567 0.7926 0.0417
260425_at AT1G72440 0.9827 0.0421 0.7923 0.0432
266365_at AT2G41220 0.8552 0.0513 0.7917 0.0467
267214_at AT2G43970 0.9226 0.041 0.7915 0.0391
252981_at AT4G38260 0.7458 0.0616 0.7915 0.0485
249192_at AT5G42470 0.7631 0.06 0.7913 0.0485
260870_at AT1G43890 0.4154 0.0562 0.7906 0.027
250595_at AT5G07770 1.3722 0.041 0.7895 0.0652
263938_at AT2G35900 0.6293 0.0786 0.7892 0.0496
250117_at AT5G16440 0.9285 0.0391 0.7883 0.0374
263852_at AT2G04450 0.8296 0.0383 0.7879 0.0329
245971_at AT5G20730 0.6024 0.0312 0.7876 0.0249
248615_at AT5G49570 1.0521 0.0468 0.787 0.0581
248192_at AT5G54140 0.7378 0.0626 0.7861 0.0488
258141_at AT3G18035 0.5536 0.0859 0.786 0.0458
260896_at AT1G29310 0.8519 0.0463 0.7851 0.0429
265822_at AT2G17980 0.8 0.0391 0.7844 0.033
257291_at AT3G15590 0.8828 0.0334 0.7843 0.0294
248025_at AT5G55850 0.6373 0.0692 0.7836 0.0449
257216_at AT3G14990 0.5389 0.0679 0.7827 0.0363
265060_at AT1G52150 1.1728 0.0496 0.7825 0.0715
245187_s_at AT1G67650;AT1G67680 0.8464 0.0464 0.7821 0.0429
260020_at AT1G29990 0.06777 0.4106 0.7818 0.0284
246614_at AT5G35410 1.1317 0.041 0.7814 0.0507
253759_at AT4G29010 0.5801 0.0545 0.7814 0.0332
264851_at AT2G17290 0.64 0.0699 0.781 0.0457
250923_at AT5G03455 1.0795 0.0312 0.7809 0.0249
258053_at AT3G16230 0.6872 0.0681 0.7801 0.049
253714_at AT4G29380 1.0331 0.0421 0.7785 0.0468
261433_s_at AT1G07670;AT1G07810 0.7002 0.0354 0.7737 0.027
248834_at AT5G47090 0.6526 0.0507 0.7736 0.0347
261955_at AT1G64520 0.716 0.0542 0.7724 0.0418
250409_at AT5G10860 0.6643 0.0452 0.7721 0.033
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245312_at AT4G14600 0.1155 0.3956 0.7721 0.042
264676_at AT1G09870 0.9372 0.0468 0.7714 0.0503
254393_at AT4G21580 0.5752 0.0538 0.7709 0.0331
262076_at AT1G59580 0.7392 0.0312 0.7708 0.0249
256727_at AT3G52240 0.5779 0.0771 0.7687 0.0449
262053_at AT1G79940 0.8374 0.0312 0.7682 0.0249
258348_at AT3G17710 0.1148 0.3474 0.7675 0.033
256943_at AT3G18910 -0.01138 0.558 0.767 0.0338
257844_at AT3G28480 0.8331 0.0459 0.7669 0.0424
245144_at AT2G45240 0.7098 0.0383 0.7666 0.0294
262488_at AT1G21830 0.1982 0.2784 0.7655 0.0429
254329_at AT4G22540 0.6753 0.0566 0.7654 0.0413
256570_at AT3G19540 0.4998 0.1027 0.7647 0.0489
245562_at AT4G15520 0.9084 0.0312 0.7641 0.0249
263206_at AT1G10590 0.5936 0.0777 0.7639 0.0474
262499_at AT1G21770 0.4675 0.1059 0.7627 0.0461
253561_at AT4G31180 0.5508 0.0431 0.761 0.0284
247006_at AT5G67490 0.4408 0.0578 0.7609 0.0291
249219_at AT5G42400 0.02049 0.5471 0.7603 0.0416
245781_at AT1G45976 0.7636 0.035 0.7591 0.0291
259745_at AT1G71190 0.6507 0.0514 0.7574 0.0356
260590_at AT1G53310 0.8401 0.036 0.7565 0.0317
258485_at AT3G02630 0.3297 0.1513 0.7563 0.042
252955_at AT4G38630 0.7704 0.0536 0.7562 0.0457
260847_s_at AT1G17290;AT1G72330 0.9442 0.0431 0.7556 0.0457
257140_at AT3G28910 0.5884 0.0583 0.7553 0.0366
251893_at AT3G54380 0.7318 0.0558 0.7528 0.0451
245266_at AT4G17070 1.2516 0.0325 0.7524 0.0378
262699_at AT1G75980 0.3938 0.1211 0.7516 0.0429
259666_at AT1G55310 0.7231 0.0429 0.7508 0.0339
256851_at AT3G27930 0.888 0.036 0.7489 0.0335
246147_s_at AT5G19990;AT5G20000 0.7108 0.038 0.7482 0.0294
247167_at AT5G65850 0.7274 0.038 0.748 0.0312
266554_s_at AT2G46290;AT2G46280 0.5784 0.0736 0.7477 0.0447
258576_at AT3G04230 0.5111 0.0618 0.7467 0.0336
263921_at AT2G36460 1.1706 0.0334 0.7453 0.0391
247409_at AT5G62980 0.4348 0.059 0.7446 0.0294
263758_s_at AT2G21260;AT2G21250 0.7951 0.0391 0.7444 0.0339
247448_at AT5G62770 0.8571 0.0496 0.7431 0.0494
254814_at AT4G12340 0.3717 0.0876 0.7414 0.033
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254372_at AT4G21620 0.03538 0.5257 0.7411 0.0432
262203_at AT2G01060 0.7122 0.032 0.7404 0.0251
245760_s_at AT1G66920;AT1G66910 0.7004 0.0468 0.7402 0.0371
258647_at AT3G07870 0.4591 0.0861 0.7391 0.04
254990_at AT4G10610 0.7107 0.0446 0.7389 0.0355
254846_at AT4G11830 0.6521 0.0519 0.7381 0.0373
260157_at AT1G52930 0.6599 0.0376 0.738 0.0284
255474_at AT4G02480 0.7878 0.032 0.7353 0.0251
265035_at AT1G61620 0.801 0.0391 0.7338 0.0342
254348_at AT4G22150 0.6024 0.0448 0.733 0.032
250119_at AT5G16470 0.327 0.0862 0.7322 0.03
259205_at AT3G09030 0.5353 0.0874 0.7321 0.0489
260781_at AT1G14620 0.6158 0.0446 0.7317 0.0321
263250_at AT2G31390 1.1465 0.0312 0.7309 0.0275
252034_at AT3G52040 0.3882 0.1071 0.7309 0.0395
255221_at AT4G05150 0.9641 0.046 0.7293 0.0547
253564_at AT4G31170 0.3968 0.1122 0.7293 0.0424
252027_at AT3G52850 0.648 0.0334 0.7286 0.0251
258072_at AT3G26090 0.5822 0.0519 0.7283 0.0339
248945_at AT5G45510 1.0755 0.0366 0.7278 0.0432
258693_at AT3G08650 0.5277 0.0882 0.7273 0.0489
246210_at AT4G36420 0.3542 0.1307 0.7265 0.0424
263605_at AT2G16480 0.8089 0.0376 0.7263 0.033
246219_at AT4G36760 0.6734 0.0579 0.7249 0.0439
258771_at AT3G10770 0.4626 0.0521 0.7241 0.0293
254261_at AT4G23460 0.8624 0.0421 0.7237 0.0414
259562_at AT1G21200 0.1262 0.3538 0.7233 0.0395
258345_at AT3G22845 0.3372 0.0633 0.7232 0.0266
246653_at AT5G35200 0.4738 0.0813 0.7219 0.0407
252855_at AT4G39660 0.9272 0.044 0.7217 0.049
256902_s_at AT3G23910;AT3G24255 1.019 0.032 0.7212 0.0314
246196_at AT4G37090 0.6338 0.0463 0.7204 0.0339
254703_at AT4G17960 0.03449 0.5299 0.7199 0.0481
246042_at AT5G19440 0.9135 0.0334 0.7177 0.032
249214_at AT5G42720 0.8211 0.0431 0.7174 0.0416
246089_at AT5G20570 0.3441 0.0678 0.7162 0.0277
248842_at AT5G46850 0.7958 0.0349 0.7161 0.0312
255455_at AT4G02930 0.7576 0.0437 0.7159 0.0387
262781_s_at AT3G26340;AT1G13060 0.7052 0.0334 0.7141 0.0271
248722_at AT5G47810 1.1935 0.0334 0.7108 0.0429
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260700_at AT1G32260 0.4767 0.0605 0.7098 0.033
261161_at AT1G34420 1.1941 0.0391 0.7093 0.0587
251242_at AT3G61860 0.7558 0.0442 0.7093 0.0395
261858_at AT1G50570 0.512 0.0813 0.7079 0.0451
266170_at AT2G39050 0.5844 0.032 0.7078 0.0249
257705_at AT3G12760 0.8932 0.0391 0.7064 0.0413
262253_s_at AT1G53900;AT1G53880 0.6995 0.0415 0.7063 0.0334
245911_at AT5G19690 0.9012 0.0307 0.706 0.0249
267490_at AT2G19130 0.604 0.0365 0.7059 0.027
251662_at AT3G57080 0.1349 0.2823 0.7049 0.0323
263476_at AT2G31870 0.8703 0.0426 0.7036 0.0442
245934_at AT5G09330 0.6692 0.04 0.703 0.032
247698_at AT5G59830 0.708 0.0431 0.7029 0.0355
259021_at AT3G07540 1.1657 0.0391 0.7028 0.0583
259225_at AT3G07590 0.3862 0.1121 0.7028 0.0428
263898_at AT2G21950 0.3609 0.0997 0.7028 0.0355
258175_at AT3G21640 0.6576 0.0459 0.7022 0.0355
260554_at AT2G41790 0.9523 0.0325 0.7014 0.0325
263223_at AT1G30630 0.4924 0.0646 0.7011 0.0355
264922_s_at AT1G60830;AT1G60900 0.4763 0.0961 0.7007 0.0488
254830_at AT4G12590 0.4379 0.0771 0.699 0.0363
264504_at AT1G09430 0.5808 0.0447 0.6984 0.0321
247615_at AT5G60250 1.7662 0.0391 0.698 0.101
254276_at AT4G22820 0.3121 0.1498 0.6975 0.0429
264227_at AT1G67500 1.6822 0.0496 0.6968 0.1404
247808_at AT5G58190 0.401 0.1212 0.6962 0.0483
262426_s_at AT1G47640 0.6708 0.0543 0.696 0.0434
254456_at AT4G21150 0.7588 0.0435 0.6954 0.0397
262398_at AT1G49350 0.5743 0.0482 0.6948 0.0333
259061_at AT3G07410 0.9259 0.038 0.6947 0.04
246035_at AT5G08300 0.66 0.0312 0.6946 0.0249
249344_at AT5G40770 0.5143 0.0572 0.694 0.0339
245197_at AT1G67800 0.8505 0.0383 0.6939 0.0371
249385_at AT5G39950 0.5279 0.0383 0.6926 0.0263
262161_at AT1G52600 0.6702 0.0391 0.6919 0.0317
256881_at AT3G26410 0.5751 0.0633 0.6919 0.0425
245989_s_at AT5G20620 0.5135 0.0737 0.6903 0.0429
264056_at AT2G28510 0.7957 0.0468 0.6899 0.0467
252276_at AT3G49490 0.5342 0.0534 0.6895 0.0335
249959_at AT5G18800 0.298 0.087 0.6891 0.0293
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262107_at AT1G02750 0.6481 0.0607 0.6872 0.0478
252453_at AT3G47120 0.6712 0.0562 0.6866 0.0457
250225_at AT5G14105 0.3102 0.1536 0.6853 0.0436
256216_at AT1G56340 0.7042 0.0312 0.6852 0.0249
257019_at AT3G19640 0.6909 0.0391 0.6845 0.0329
251411_at AT3G60250 0.6672 0.0471 0.684 0.0391
262588_at AT1G15130 1.0982 0.0334 0.6833 0.0409
259313_at AT3G05090 0.7659 0.0435 0.6814 0.0415
245045_at AT2G26590 0.6396 0.0399 0.6813 0.0316
264674_at AT1G09815 0.4243 0.038 0.6803 0.0249
258649_at AT3G09840 0.6296 0.0608 0.6793 0.0464
266955_at AT2G34520 0.5004 0.0646 0.6784 0.0374
248108_at AT5G55130 1.1089 0.0312 0.6783 0.027
266576_at AT2G23940 0.3315 0.1377 0.6775 0.0438
263303_at AT2G15240 0.6262 0.0542 0.6759 0.0418
261257_at AT1G05910 0.5539 0.0615 0.6758 0.041
259255_at AT3G07690 0.4302 0.1085 0.6753 0.0498
259415_at AT1G02330 0.2312 0.1585 0.6739 0.0334
260160_at AT1G79880 0.4826 0.0768 0.6735 0.0425
254478_at AT4G20330 0.5271 0.0566 0.6728 0.0355
258041_at AT3G21175 -0.08239 0.4334 0.6725 0.0425
258780_at AT3G11910 0.7829 0.032 0.6709 0.0284
251760_at AT3G55605 0.4262 0.0754 0.6709 0.0363
266579_at AT2G23930 0.3642 0.032 0.6709 0.0249
249838_at AT5G23460 0.9984 0.0433 0.6706 0.0587
254162_at AT4G24440 0.9041 0.0349 0.6703 0.0355
246559_at AT5G15550 0.992 0.032 0.6683 0.033
245733_at AT1G73380 0.7067 0.0519 0.6679 0.046
248951_at AT5G45550 0.5574 0.0597 0.6664 0.0409
256397_at AT3G06110 0.5135 0.0431 0.6658 0.0293
248521_s_at AT5G50630;AT5G50520 0.8168 0.036 0.6639 0.0339
248357_at AT5G52380 0.5499 0.0529 0.6636 0.0355
260003_at AT1G68100 0.735 0.0456 0.6633 0.0429
256648_at AT3G13580 0.4932 0.0621 0.6632 0.0366
249456_at AT5G39410 0.9051 0.0463 0.6626 0.0584
258228_at AT3G27610 0.96 0.041 0.6625 0.0509
250033_at AT5G18110 0.7125 0.0534 0.6625 0.0489
261079_s_at AT1G07480;AT1G07470 0.599 0.0495 0.6621 0.037
249822_at AT5G23710 0.4183 0.0538 0.6589 0.0294
258831_at AT3G07080 0.3955 0.0767 0.6588 0.0342
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256961_at AT3G13445 0.6514 0.0388 0.658 0.0316
247113_at AT5G65960 0.399 0.1163 0.6573 0.0498
265449_at AT2G46610 0.327 0.0853 0.6571 0.0323
245853_at AT5G13500 0.3655 0.0842 0.6569 0.0342
257087_at AT3G20500 0.7448 0.0334 0.6566 0.0294
247859_at AT5G58410 0.9972 0.038 0.6565 0.0468
253868_at AT4G27500 0.5714 0.0451 0.6564 0.0331
253871_at AT4G27440 0.919 0.0376 0.6562 0.0418
251877_at AT3G54300 0.7046 0.0468 0.6542 0.0431
262430_s_at AT1G47560;AT1G47550 0.5213 0.0627 0.6539 0.0405
247513_at AT5G61510 0.8736 0.0363 0.6531 0.038
265285_at AT2G20410 0.09396 0.4241 0.6522 0.048
251390_at AT3G60860 0.7693 0.0349 0.6511 0.0321
257060_at AT3G18230 0.9649 0.0462 0.6503 0.0649
247935_at AT5G56940 0.5567 0.0585 0.6496 0.0416
262621_at AT1G06530 0.3936 0.0974 0.648 0.0429
250405_at AT5G10790 0.2563 0.1989 0.648 0.0485
258666_at AT3G08550 0.4455 0.0921 0.6476 0.0478
257893_at AT3G17000 0.4289 0.058 0.6476 0.032
259498_at AT1G15880 0.4707 0.0838 0.6471 0.0467
261034_s_at AT1G59077;AT1G17450;A 0.6411 0.0349 0.6467 0.0284
266105_at AT2G45070 0.2704 0.1217 0.6465 0.0335
245425_at AT4G17510 0.619 0.0452 0.6452 0.0359
267609_at AT2G26780 0.9945 0.0391 0.645 0.0507
267400_at AT2G26240 0.7106 0.0338 0.645 0.0294
245694_at AT5G04170 0.2943 0.0574 0.6444 0.0251
251951_s_at AT3G53630;AT1G55710;A 0.662 0.0436 0.6441 0.0371
261168_at AT1G04945 0.5723 0.0466 0.6426 0.0342
260251_at AT1G74250 0.6546 0.041 0.6416 0.0338
261709_at AT1G32790 0.5667 0.0521 0.6412 0.0374
264622_at AT2G17790 0.5899 0.0599 0.6407 0.0451
263729_at AT1G60080 1.0283 0.0448 0.6388 0.0701
261739_at AT1G47750 0.2756 0.1776 0.6388 0.0478
264508_at AT1G09570 0.4507 0.093 0.6386 0.0499
259639_at AT1G52380 0.4613 0.0461 0.6381 0.0294
251269_at AT3G62360 0.5204 0.0549 0.6379 0.0363
246278_at AT4G37190 0.6793 0.0543 0.6375 0.0494
245796_at AT1G32230 0.4597 0.0748 0.6369 0.0422
254156_at AT4G24490 0.3147 0.1322 0.6366 0.0431
256747_at AT3G29180 0.6531 0.0497 0.6364 0.0429
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261019_at AT1G26470 0.3164 0.1271 0.6362 0.0422
267009_at AT2G39260 0.9106 0.038 0.6358 0.0431
253350_at no_match 0.638 0.0577 0.6357 0.0487
257967_at AT3G19910 0.6685 0.0442 0.6349 0.039
253389_at AT4G32680 0.5548 0.0538 0.6338 0.0386
254559_at AT4G19200 0.1248 0.3429 0.6329 0.0429
250791_at AT5G05610 0.07692 0.4297 0.6329 0.0412
250212_at AT5G13960 0.6438 0.0417 0.6327 0.0339
250863_at AT5G04750 0.4387 0.0482 0.6322 0.0294
245313_at AT4G15420 0.5871 0.0492 0.632 0.0375
264526_at AT1G10130 1.1088 0.0448 0.6316 0.078
245666_at AT1G28280 0.6141 0.05 0.6316 0.041
261202_at AT1G12910 1.0113 0.0312 0.6288 0.0313
263156_at AT1G54030 0.6132 0.0574 0.6278 0.0464
266520_at AT2G23980 0.5399 0.0482 0.6276 0.034
248300_at AT5G53000 0.6009 0.0391 0.6258 0.0319
247082_at AT5G66030 0.3372 0.116 0.6243 0.0429
250285_at AT5G13300 0.2584 0.1233 0.624 0.0336
252593_at AT3G45590 0.8083 0.0468 0.6227 0.0552
259436_at AT1G01500 0.6345 0.0542 0.6222 0.0461
250299_at AT5G11910 0.7399 0.0342 0.622 0.0316
257612_at AT3G26600 0.9356 0.0463 0.619 0.0666
249335_at AT5G41010 0.3257 0.0903 0.619 0.034
261227_at AT1G20200 0.7849 0.0426 0.6185 0.0459
247241_at AT5G64680 0.6375 0.0514 0.6173 0.0442
249084_at AT5G44150 -0.05035 0.4771 0.6173 0.0395
257972_at AT3G27560 0.5878 0.0562 0.6165 0.0442
259512_at AT1G12360 0.7439 0.0425 0.6164 0.0427
246533_at AT5G15880 0.458 0.0826 0.616 0.0476
251862_at AT3G54850 0.813 0.0418 0.6156 0.0457
264969_at AT1G67320 0.1505 0.3055 0.6153 0.0457
251234_s_at AT3G62830;AT2G47650 0.4877 0.069 0.6151 0.0434
251848_at AT3G54620 0.3619 0.097 0.6151 0.0416
249161_at AT5G42790 0.673 0.0426 0.6143 0.0378
248985_at AT5G45160 0.4817 0.0776 0.6124 0.0484
266388_at AT2G32340 -0.4566 0.0853 0.6117 0.0493
260724_at AT1G48140 0.6835 0.0349 0.6103 0.0312
256399_at AT3G06240 0.3974 0.0937 0.6103 0.0451
253574_at AT4G31030 0.7171 0.032 0.6102 0.0286
247225_at AT5G65090 1.0861 0.0469 0.6087 0.0862
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255573_at AT4G01400 0.4633 0.052 0.6079 0.033
257828_at AT3G26670 0.1845 0.246 0.6059 0.044
259721_at AT1G60890 0.8469 0.0334 0.6058 0.0342
258553_at AT3G06960 0.6204 0.0488 0.6053 0.0424
258906_at AT3G06380 0.5542 0.0624 0.6048 0.047
257025_at AT3G19190 0.8596 0.0349 0.6043 0.0374
259587_at AT1G28120 0.6057 0.035 0.6043 0.0291
248983_at AT5G45130 0.5639 0.0349 0.6043 0.027
253897_at AT4G27120 0.7065 0.0452 0.6036 0.0453
247445_at AT5G62640 0.7109 0.0446 0.6032 0.0449
263776_s_at AT2G46430;AT2G46440 0.9896 0.038 0.5996 0.0512
250188_at AT5G14250 0.7622 0.0421 0.5995 0.044
250495_at AT5G09770 0.6084 0.0442 0.5988 0.0371
251532_at AT3G58530 0.7443 0.0312 0.5982 0.0251
253980_at AT4G26620 0.583 0.0391 0.5971 0.0316
245167_s_at AT2G33120;AT2G33110 0.4495 0.0804 0.5948 0.0473
264190_at AT1G54830 0.8844 0.0488 0.5946 0.0696
259812_at AT1G49840 0.5209 0.0542 0.5935 0.0391
264173_at AT1G02160 0.339 0.085 0.593 0.0355
265087_at no_match 1.0459 0.0459 0.5908 0.0813
262614_at AT1G13980 0.9247 0.0312 0.5908 0.0277
255525_at AT4G02340 0.6355 0.0457 0.5902 0.0418
260789_s_at AT3G06690;AT1G06290 0.5442 0.0446 0.5895 0.0339
246782_at AT5G27320 0.9591 0.0438 0.5889 0.068
258542_at AT3G07030 0.8981 0.0349 0.5882 0.0416
259347_at AT3G03920 0.4208 0.0576 0.5874 0.0333
247983_at AT5G56630 0.5131 0.0649 0.5871 0.0461
264921_at AT1G60650 1.0033 0.0497 0.5862 0.0856
258731_at AT3G11880 0.7807 0.032 0.5856 0.0312
249405_at AT5G40280 0.4391 0.0787 0.5854 0.0457
259865_at AT1G72710 0.5658 0.053 0.5851 0.0429
263371_at AT2G20490 0.5503 0.0582 0.5851 0.0451
263104_at AT2G05120 0.5584 0.0521 0.585 0.0418
250941_at AT5G03320 0.3875 0.0682 0.5834 0.0351
262798_at AT1G20980 0.4333 0.0513 0.5832 0.0321
252424_at AT3G47610 0.5356 0.0606 0.5825 0.0459
257792_at AT3G27080 0.3745 0.0914 0.5821 0.0434
262346_at AT1G63980 0.2073 0.2261 0.5805 0.0489
254192_at AT4G23850 0.6739 0.0404 0.5799 0.0378
255507_at AT4G02150 0.6294 0.0312 0.5794 0.0249
81 
Supplemental Table 3. (Continued)
Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
255560_at AT4G02030 0.7067 0.0356 0.5783 0.0333
254040_at AT4G25900 0.5388 0.0391 0.5782 0.0313
251145_at AT3G63500 0.3051 0.1391 0.5782 0.049
258046_at AT3G21220 0.1769 0.2203 0.5782 0.0395
256939_at AT3G22630 0.5015 0.0468 0.5781 0.0339
263570_at AT2G27150 0.9595 0.0424 0.5771 0.0649
266747_at AT2G02870 0.408 0.064 0.576 0.0355
248217_at AT5G53560 0.197 0.2091 0.5757 0.0429
256765_at AT3G22200 0.3127 0.1063 0.5744 0.0408
250748_at AT5G05710 0.3875 0.0366 0.5726 0.0249
254776_at AT4G13360 0.6852 0.036 0.5722 0.0334
248127_at AT5G54750 0.5672 0.0446 0.5719 0.037
265190_at AT1G23780 0.3723 0.0911 0.5716 0.0437
264003_at AT2G22475 0.5511 0.0426 0.5715 0.0337
261028_at AT1G26620 0.8151 0.0424 0.5661 0.0532
245296_at AT4G16370 0.9958 0.0468 0.5649 0.0835
260428_at AT1G72340 0.8436 0.041 0.564 0.0533
264447_at AT1G27300 0.2719 0.1454 0.5633 0.0456
262780_at AT1G13090 0.8985 0.04 0.5617 0.0566
251314_at AT3G61180 0.4389 0.0446 0.5611 0.0312
256179_at AT1G51710 0.6506 0.0344 0.5605 0.0313
263274_at AT2G11520 0.7657 0.0312 0.5604 0.0249
256145_at AT1G48750 0.2553 0.1647 0.5602 0.0474
249711_at AT5G35680 0.1861 0.1523 0.56 0.0323
251897_at AT3G54360 0.4011 0.0826 0.5599 0.0451
260436_at AT1G68140 0.2128 0.1832 0.5599 0.0424
249395_at AT5G40190 0.6597 0.0482 0.5572 0.0503
259767_s_at AT1G29370;AT1G29350 0.6712 0.0421 0.5536 0.0424
253708_at AT4G29210 0.6198 0.0431 0.5523 0.0409
249133_at AT5G43130 0.484 0.058 0.5523 0.042
260496_at AT2G41700 0.8556 0.0491 0.5517 0.074
252405_at AT3G48120 1.2296 0.0407 0.5513 0.0911
254463_at AT4G20280 0.4471 0.0771 0.5512 0.0499
266556_at AT2G46230 0.4055 0.041 0.5509 0.027
247000_at AT5G67380 0.4079 0.0722 0.5488 0.0422
257052_at AT3G15290 0.6377 0.0488 0.5486 0.0493
245787_at AT1G32130 0.3216 0.0626 0.5486 0.0312
256121_at AT1G18160 0.5337 0.0609 0.5485 0.0499
261225_at AT1G20100 0.54 0.0356 0.5477 0.0291
266185_at AT2G38950 0.6055 0.0504 0.5472 0.0478
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262227_s_at AT1G53780;AT1G53750 0.7476 0.0467 0.5471 0.0591
258463_at AT3G17410 0.6993 0.0312 0.547 0.0249
250774_at AT5G05450 -0.07113 0.4386 0.5461 0.0475
246378_at AT1G57620 0.3096 0.0923 0.5459 0.0377
259392_at AT1G06380 0.4159 0.0681 0.5448 0.0416
251764_at AT3G55830 0.4248 0.0685 0.5435 0.0429
263685_at AT1G26830 0.4534 0.0715 0.543 0.0479
256029_at AT1G34130 0.8359 0.0398 0.5427 0.0535
263193_at AT1G36050 0.5958 0.0463 0.5425 0.0434
248422_at AT5G51640 0.4023 0.064 0.5415 0.0374
253196_at AT4G35260 0.5409 0.0577 0.5403 0.0485
247735_at AT5G59440 0.8178 0.0376 0.5386 0.0453
248786_at AT5G47410 0.659 0.0332 0.5363 0.0312
265427_at AT2G20740 0.2691 0.1341 0.5363 0.0442
247210_at AT5G65020 0.6992 0.0424 0.5356 0.0462
267059_at AT2G32520 0.5596 0.0334 0.5343 0.0284
261909_at AT1G80680 0.4614 0.0421 0.5341 0.0312
249638_at AT5G36880 0.3975 0.0751 0.534 0.0434
248442_at AT5G51280 0.2633 0.1131 0.5336 0.0375
245279_at AT4G17270 0.4461 0.0691 0.5332 0.0463
266928_at AT2G45790 0.3241 0.06 0.5323 0.0312
252080_at AT3G51670 0.7908 0.0327 0.5321 0.0342
245800_at AT1G46264 0.9163 0.0421 0.5318 0.0667
264113_at AT2G31260 0.005316 0.568 0.5309 0.0488
253935_at AT4G26870 0.5239 0.0459 0.5297 0.0374
264189_s_at AT1G54580;AT1G54630 0.002942 0.5702 0.5293 0.0336
262024_at AT1G35620 0.5254 0.0448 0.5292 0.0371
263756_at AT2G21270 0.6507 0.0358 0.529 0.0334
245633_at AT1G25280 0.5957 0.041 0.5289 0.0371
267543_at AT2G32730 0.714 0.0312 0.5282 0.0277
250357_at AT5G11730 0.4678 0.0435 0.5281 0.0329
259894_at AT1G71430 0.3734 0.0899 0.5278 0.0485
262782_at AT1G13195 0.3428 0.0564 0.5273 0.0313
250998_at AT5G02620 0.6392 0.036 0.5272 0.0339
251191_at AT3G62590 0.8527 0.0457 0.5253 0.072
259712_at AT1G77440 0.4178 0.0496 0.5246 0.0331
253531_at AT4G31540 0.2111 0.1735 0.5237 0.0429
253642_at AT4G29960 0.6385 0.0394 0.5225 0.0398
255520_at AT4G02230 0.3977 0.0421 0.5221 0.0284
247247_at AT5G64650 0.3903 0.0775 0.5216 0.045
83 
Supplemental Table 3. (Continued)
Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
255913_at AT1G66980 0.8163 0.0383 0.5205 0.0501
258954_at AT3G01400 0.1873 0.2225 0.5196 0.0488
245951_at AT5G19550 0.7105 0.0345 0.5192 0.0347
266652_at AT2G25760 0.6102 0.0467 0.5185 0.0479
264326_at AT1G04230 0.355 0.0445 0.5173 0.0277
251954_at AT3G53668;AT3G53670 0.2877 0.0737 0.5149 0.0325
248568_at AT5G49760 0.6738 0.0466 0.5146 0.0552
264936_at AT1G61140 0.8742 0.0349 0.5116 0.0468
254172_at AT4G24550 0.6327 0.0325 0.5108 0.0309
254076_at AT4G25340 0.3247 0.0906 0.5097 0.0429
259835_at AT1G52160 0.7507 0.0426 0.5082 0.0563
247295_at AT5G64180 0.9118 0.0463 0.5079 0.084
254984_s_at AT4G10590;AT4G10570 0.3326 0.0931 0.5075 0.0451
267624_at AT2G39660 0.6288 0.0466 0.5071 0.051
263839_at AT2G36900 0.4329 0.0569 0.5065 0.0397
263976_at AT2G42700 1.3045 0.0457 0.5025 0.1404
247112_at AT5G65950 0.4958 0.0426 0.4999 0.0342
248858_at AT5G46630 0.5465 0.0349 0.4978 0.0312
255681_at AT4G00550 0.4609 0.064 0.497 0.049
252091_at AT3G51390 0.583 0.0469 0.4964 0.0486
252832_at AT4G39910 0.3098 0.0929 0.4956 0.0429
265871_at AT2G01680 0.71 0.0391 0.4903 0.0479
258793_at AT3G04780 0.1612 0.2486 0.4903 0.0496
257914_at AT3G25545 0.879 0.0451 0.4901 0.0811
261153_at AT1G04850 0.3941 0.0649 0.4898 0.0423
254493_at AT4G20020 0.9664 0.0426 0.4897 0.0836
258114_at AT3G14660 0.5979 0.036 0.489 0.0339
247418_at AT5G63030 0.8499 0.041 0.4888 0.0655
256879_at AT3G26370 0.574 0.0466 0.4888 0.0476
246784_at AT5G27430 0.4046 0.06 0.4879 0.0407
251283_at AT3G61790 0.3495 0.0892 0.4873 0.0488
250849_at AT5G04410 0.4524 0.0441 0.4865 0.0339
251729_at AT3G56310 0.7873 0.0342 0.484 0.0424
263224_at AT1G30580 0.5885 0.0414 0.4838 0.0416
259335_s_at AT3G03930;AT3G03940 0.4735 0.0585 0.4836 0.0484
252789_s_at AT1G21930;AT3G42150 0.4196 0.0685 0.4828 0.0488
249171_at AT5G42940 0.3566 0.0872 0.4828 0.0496
261253_at AT1G05840 0.7586 0.0459 0.4784 0.0704
252337_at AT3G48750 0.6511 0.0391 0.478 0.0441
262077_at AT1G59610 0.9053 0.038 0.4774 0.0632
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261676_at AT1G18480 0.6146 0.0459 0.4772 0.0524
259423_at AT1G13880 0.3864 0.0613 0.477 0.0404
255624_at AT4G01370 0.5001 0.0383 0.4768 0.0329
267642_at AT2G32910 0.2457 0.1208 0.4768 0.0422
252150_at AT3G51310 0.5485 0.038 0.4749 0.0339
266096_at AT2G38020 0.5581 0.036 0.4747 0.033
254086_at AT4G24820 0.6391 0.0455 0.4728 0.0555
246756_at AT5G27930 0.7384 0.0445 0.4724 0.0653
253952_at AT4G26840 0.1134 0.0949 0.4723 0.0249
263155_at AT1G54140 0.2371 0.1183 0.47 0.0407
245988_at AT5G20610 0.589 0.0462 0.4699 0.0511
245098_at AT2G40940 0.5702 0.0482 0.4698 0.0516
245600_at AT4G14230 0.8618 0.0446 0.4693 0.0825
264006_at AT2G22430 0.2342 0.1417 0.4675 0.0463
249196_at AT5G42560 0.5501 0.0426 0.4665 0.0422
253596_s_at AT4G30730;AT4G30750 0.5491 0.0436 0.4665 0.0434
248497_at AT5G50380 0.6803 0.0459 0.4662 0.0629
261494_at AT1G28420 0.8088 0.032 0.4653 0.0364
247058_at AT5G66680 0.6558 0.0488 0.4635 0.0649
261398_at AT1G79610 0.9052 0.0388 0.4629 0.0694
245512_at AT4G15770 0.3448 0.0708 0.4627 0.0418
254812_at AT4G12250 0.4006 0.0391 0.4625 0.0293
259752_at AT1G71040 0.6017 0.032 0.4624 0.0291
262853_at AT1G20890 0.5882 0.0391 0.4624 0.0416
247440_at AT5G62680 0.09279 0.3555 0.4618 0.0469
260482_at AT1G10950 0.469 0.0426 0.4609 0.0351
254344_at AT4G22110 1.6188 0.0418 0.4604 0.1773
246283_at AT4G36860 0.3766 0.0719 0.4594 0.0468
249027_at AT5G44790 0.5922 0.0376 0.4587 0.0374
246758_at AT5G27850 0.05771 0.3952 0.4582 0.034
247298_at AT5G63840 0.6682 0.0312 0.4579 0.0249
260414_at AT1G69850 0.5547 0.0312 0.4571 0.0249
256152_at AT1G55150 0.4276 0.0504 0.457 0.0391
253506_at AT4G31980 0.9217 0.05 0.4569 0.1097
264807_at AT1G08700 0.6915 0.0383 0.4568 0.048
260842_at AT1G29150 0.5833 0.0435 0.4562 0.0479
255736_at AT1G25380 0.6525 0.0468 0.4561 0.0631
262581_at AT1G15370 0.3479 0.0312 0.4558 0.0249
254164_at AT4G24470 0.5874 0.0468 0.4545 0.0549
260390_at AT1G73940 0.631 0.0426 0.4544 0.0512
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258615_at AT3G02740 0.8204 0.0312 0.4542 0.0277
249717_at AT5G35730 0.3579 0.058 0.4537 0.037
245295_at AT4G16100 0.424 0.049 0.4534 0.0378
247148_at AT5G65670 0.1426 0.0886 0.4523 0.0249
256329_at AT1G76850 0.7476 0.0468 0.4522 0.077
247355_at AT5G63670 0.1855 0.1592 0.4518 0.041
254010_at AT4G26240 0.5532 0.0426 0.4511 0.0434
266468_at AT2G47960 0.4716 0.0426 0.4507 0.0366
254247_at AT4G23260 1.0963 0.032 0.4505 0.06
245439_at AT4G16670 0.861 0.0424 0.4487 0.0783
265953_at AT2G37480;AT2G37478 0.2342 0.0698 0.4485 0.0299
262705_at AT1G16260 0.5889 0.0399 0.4483 0.0434
262319_s_at AT1G27580;AT1G27540 0.2483 0.0923 0.4473 0.0371
263334_at AT2G03820 0.523 0.0429 0.4453 0.0424
246850_at AT5G26860 0.9995 0.0425 0.4446 0.0995
253336_at AT4G33250 0.3707 0.0729 0.4436 0.0489
265538_at AT2G15860 0.8067 0.0418 0.4417 0.072
249180_at AT5G43010 0.5048 0.038 0.4401 0.0338
263854_at AT2G04430 1.0264 0.0426 0.4391 0.106
247115_at AT5G65930 0.2746 0.103 0.4385 0.0461
254734_at AT4G13780 0.7526 0.0334 0.4379 0.0432
259248_at AT3G07770 0.8279 0.0463 0.4378 0.0909
260416_at AT1G69670 0.5248 0.032 0.4321 0.0291
264651_at AT1G08880 0.2793 0.0874 0.4292 0.0425
247624_at AT5G60160 0.7563 0.0312 0.4273 0.0293
258226_at AT3G15730 0.6136 0.0416 0.4271 0.051
252945_at AT4G39140 0.6551 0.0391 0.4267 0.0524
258488_at AT3G02420 0.6813 0.032 0.4248 0.0334
260268_at AT1G68490 0.4309 0.0513 0.421 0.0434
258575_at AT3G04240 0.8827 0.038 0.4209 0.0719
247574_at AT5G61230;AT5G61228 0.3021 0.0692 0.42 0.0392
255589_s_at AT4G01590;AT4G35680 0.1737 0.1672 0.4179 0.0429
265676_at AT2G32070 0.189 0.1452 0.4172 0.0424
251074_at AT5G01800 0.6016 0.0423 0.4145 0.0535
246192_at AT5G20920 0.3014 0.0649 0.412 0.0374
245055_at AT2G26470 0.3407 0.0549 0.4111 0.0371
255259_at AT4G05020 0.81 0.038 0.4108 0.0677
256038_at AT1G19170 -0.03272 0.4852 0.4102 0.0424
261084_at AT1G07440 0.6792 0.0492 0.4039 0.0826
248272_at AT5G53480 0.003978 0.5681 0.4037 0.049
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261174_at AT1G04810 0.8588 0.0312 0.4005 0.0294
265386_at AT2G20930 0.6146 0.0448 0.4003 0.0652
255776_at AT1G18540 0.2665 0.0876 0.4002 0.0434
254953_at AT4G10925 0.08821 0.3116 0.4 0.0421
246780_at AT5G27470 0.4381 0.0391 0.3966 0.0339
263886_at AT2G36960 0.3782 0.0482 0.3958 0.0387
261902_at AT1G80860 0.2476 0.097 0.3953 0.044
255925_at AT1G22200 0.3947 0.0448 0.3944 0.0374
250263_at AT5G13470 0.4635 0.0391 0.3938 0.0371
259733_at AT1G77480 0.2806 0.09 0.3938 0.0488
258826_at AT3G07160 0.5995 0.0381 0.3929 0.0479
245179_at AT5G12400 0.8396 0.038 0.3921 0.0759
262960_at AT1G54320 0.5682 0.0442 0.3918 0.0588
250077_at AT5G16680 0.5839 0.032 0.3916 0.0334
252514_at AT3G46060 0.3389 0.0632 0.3903 0.0443
259689_x_at AT1G63130 0.6195 0.0426 0.3868 0.0637
265858_at AT2G01720 0.7489 0.0442 0.3842 0.0877
264349_at AT1G11930 0.1188 0.1942 0.384 0.0351
252059_at AT3G52560 -0.01446 0.5371 0.3826 0.0429
261083_at AT1G07310 0.4193 0.0431 0.3825 0.0395
253918_at AT4G27320 0.363 0.0567 0.3825 0.0442
267004_at AT2G34260 0.7094 0.0459 0.3824 0.0868
258273_at AT3G15660 0.3916 0.0436 0.3818 0.0371
246243_at no_match 0.6364 0.0428 0.3814 0.0674
245374_at AT4G17620 0.5733 0.032 0.3791 0.0336
259474_at AT1G19130 0.4225 0.0376 0.379 0.033
250112_at AT5G16300 0.757 0.036 0.3781 0.0615
246928_at AT5G25270 0.6767 0.0452 0.3779 0.0813
246286_at AT1G31910 0.5846 0.0423 0.3749 0.0592
249077_at AT5G43940 0.4931 0.0446 0.3741 0.0522
257703_at AT3G12640 0.3344 0.0583 0.3739 0.0429
248743_at no_match 1.0468 0.0418 0.3737 0.1322
258478_at AT3G02710 0.8159 0.0376 0.3729 0.0751
258373_at AT3G14290 0.5655 0.0429 0.3695 0.0602
258829_at AT3G07100 0.553 0.038 0.3674 0.0464
263717_at AT2G13560 0.641 0.0468 0.3654 0.0836
265650_at AT2G27460 0.4977 0.045 0.3647 0.0556
252462_at AT3G47250 0.5863 0.0391 0.3634 0.0538
245649_at AT1G24706 0.774 0.0328 0.3623 0.0538
259156_at AT3G10380 0.7521 0.0346 0.3606 0.06  
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253562_at AT4G31130 0.5341 0.0421 0.3599 0.0545
247271_at AT5G64270 0.5175 0.0391 0.3597 0.0473
266806_at AT2G30000 0.5604 0.0451 0.3588 0.0675
257431_at AT2G36360 0.8771 0.0452 0.3585 0.1286
247842_at AT5G58030 0.2127 0.0582 0.3566 0.0294
262660_at AT1G14000 0.4408 0.036 0.3563 0.0346
262465_at AT1G50270 1.9609 0.0421 0.3555 0.2831
248009_at AT5G56280 0.1927 0.1099 0.3536 0.0418
266537_at AT2G16860 0.05356 0.3624 0.3533 0.0351
261383_at AT1G05380 0.4268 0.0451 0.3494 0.0481
263001_at AT1G54360 0.6826 0.0399 0.3479 0.0748
251449_at AT3G59920 0.378 0.0462 0.3469 0.0429
266653_at AT2G25740 0.4363 0.0376 0.3468 0.0366
266328_at AT2G01600 0.5987 0.0426 0.3455 0.0699
247852_at AT5G58060 0.2971 0.0698 0.3434 0.049
265225_at AT2G36720 0.4349 0.0488 0.3432 0.0556
264703_at AT1G69960 0.4424 0.0479 0.3425 0.0559
256911_at AT3G24090 1.2738 0.0362 0.3404 0.1545
250367_s_at AT5G11170;AT5G11200 0.841 0.0493 0.3392 0.1447
254054_at AT4G25320 0.5192 0.038 0.3373 0.0473
255000_at AT4G09800 0.3009 0.0633 0.3359 0.0461
265037_at AT1G03860 0.4416 0.0468 0.3336 0.0562
251034_at AT5G02040 0.4744 0.0391 0.3321 0.0453
263185_at AT1G05520 0.8887 0.0312 0.3293 0.0355
260162_at AT1G79830 0.6022 0.0425 0.3293 0.0742
249092_at AT5G43710 0.3944 0.041 0.3293 0.0406
245131_s_at AT2G45330;AT5G23600 0.559 0.0447 0.3261 0.0751
260312_at AT1G63880 0.4649 0.0474 0.324 0.0646
255569_at AT4G01320 0.5243 0.0312 0.3232 0.0316
251386_at AT3G60800 0.5937 0.0441 0.314 0.0835
244944_s_at ATMG00080;ATMG00090 1.3748 0.0463 0.3133 0.26
263426_at AT2G31570 -0.00065 0.575 0.312 0.0484
265077_at AT1G55530 0.5265 0.032 0.3116 0.0355
265637_at AT2G27490 0.5077 0.0332 0.3081 0.04
263037_at AT1G23230 0.8196 0.038 0.307 0.1028
251624_at AT3G57280 0.74 0.0383 0.3067 0.0907
252047_at AT3G52490 0.7006 0.0468 0.3066 0.1219
260675_at AT1G19430 0.4961 0.0468 0.3032 0.0761
251139_at AT5G01230 0.6396 0.0334 0.3006 0.0569
248180_at AT5G54310 0.5013 0.0468 0.3005 0.0779
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250377_at AT5G11560 0.701 0.0334 0.2994 0.0665
249318_at AT5G40870 0.5282 0.032 0.2992 0.0395
263743_at AT2G21390 0.5526 0.0391 0.2984 0.0678
250986_at AT5G02850 0.6278 0.0431 0.2982 0.0941
259114_at AT3G05530 0.4708 0.0497 0.2942 0.078
246742_at AT5G27840 0.4634 0.0476 0.2898 0.0748
262794_at AT1G13120 0.5591 0.038 0.2868 0.0655
261537_at AT1G01800 0.3872 0.0464 0.2833 0.0587
266451_at AT2G43090 0.1971 0.084 0.2825 0.0443
264903_at AT1G23190 0.4168 0.0348 0.2781 0.0394
260525_at AT2G47250 0.4365 0.0448 0.2742 0.0688
250564_at AT5G08060 0.1429 0.1035 0.2728 0.0374
254999_at AT4G09830 0.6678 0.0424 0.2711 0.1128
249050_at AT5G44290 0.1349 0.0885 0.2705 0.033
250540_at AT5G08580 0.366 0.0442 0.2654 0.0547
256147_at AT1G55080 0.5765 0.0435 0.264 0.1011
255852_at AT1G66970 0.7099 0.0325 0.2626 0.0729
250707_at AT5G05950 0.4124 0.0433 0.261 0.064
263158_at AT1G54160 0.6911 0.0442 0.2605 0.1379
AFFX-r2-At- AT3G04120 0.4375 0.0459 0.2595 0.0759
254520_at AT4G19960 0.6702 0.0391 0.2572 0.1067
254879_at AT4G11670 0.6615 0.0411 0.2567 0.1151
265800_at AT2G35630 0.397 0.0391 0.2554 0.0507
252662_at AT3G44340 0.7477 0.0391 0.2532 0.1283
252171_at AT3G50590 0.5952 0.0498 0.2475 0.1404
252478_at AT3G46540 0.06627 0.2827 0.2459 0.0456
263170_at AT1G03000 0.4163 0.0349 0.2457 0.0465
258660_at AT3G09850 0.2819 0.0496 0.2442 0.0496
252513_at AT3G46220 0.8349 0.0347 0.2291 0.1321
252639_at AT3G44550 1.9712 0.0426 0.2279 0.3795
252208_at AT3G50380 0.799 0.0463 0.2261 0.2091
254925_at AT4G11380 0.4655 0.036 0.2255 0.0638
257833_at AT3G26640 0.5781 0.0425 0.2249 0.1209
258588_s_at AT3G04120 0.501 0.0334 0.2249 0.0611
247152_at AT5G65620 0.4777 0.0461 0.2234 0.108
258584_at AT3G04090 0.4815 0.0445 0.223 0.1032
249679_at AT5G35980 0.3991 0.0424 0.2124 0.0763
246119_at AT5G20350 0.6621 0.0468 0.2105 0.1845
248882_at AT5G46210 0.5242 0.0468 0.2061 0.1422
250209_at AT5G14030 0.4664 0.0436 0.1993 0.1127
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252617_at AT3G45100 0.63 0.0376 0.1944 0.1324
260031_at AT1G68790 0.4074 0.0471 0.1902 0.1131
247260_at AT5G64500 0.3621 0.0464 0.1881 0.0937
252968_at AT4G38890 0.706 0.032 0.1817 0.1169
253307_at AT4G33670 0.2352 0.0466 0.1809 0.0547
262695_at AT1G75850 0.5994 0.0446 0.1796 0.1862
264384_at AT2G25170 0.7727 0.0492 0.1792 0.268
248195_at AT5G54110 0.3904 0.0423 0.1732 0.0986
258440_at AT3G17250 0.4433 0.045 0.1649 0.1447
251687_at AT3G56460 0.4692 0.0345 0.1648 0.0907
252086_at AT3G52030 0.332 0.0451 0.1536 0.1069
260751_at AT1G49040 0.7724 0.0406 0.151 0.2564
263727_at AT2G13540 0.5124 0.0414 0.148 0.1714
253797_at no_match 0.6105 0.0498 0.1404 0.2718
247067_at AT5G66950 0.5556 0.0479 0.1397 0.2442
259175_at AT3G01560 0.5939 0.0452 0.1332 0.258
255418_at AT4G03200 0.5273 0.0334 0.1058 0.1833
267103_at AT2G41490 1.0908 0.0435 0.09944 0.4187
251263_at AT3G62190 0.723 0.0391 0.0942 0.3395
253456_at AT4G32050 0.5316 0.0497 0.09296 0.3308
261887_at AT1G80780 0.7119 0.0443 0.0912 0.3697
245863_s_at AT1G58060;AT1G58050 0.7103 0.036 0.08947 0.318
248739_at AT5G48030 0.5916 0.0354 0.08903 0.2719
256274_at AT3G12080 0.6515 0.0325 0.08219 0.2768
263563_at AT2G15410 -1.292 0.0447 0.06423 0.4812
253565_at AT4G31200 0.5652 0.0421 0.0577 0.3946
265867_at AT2G01620 0.4518 0.0336 0.05428 0.3083
256663_at AT3G12050 0.3152 0.0426 0.04751 0.3301
247240_at AT5G64660 -0.5041 0.0426 0.03794 0.4391
260711_at AT1G17580 0.6256 0.05 0.0282 0.4935
254179_at AT4G23910 0.6305 0.0472 0.02619 0.4958
246508_at AT5G16150 0.5142 0.0442 -0.02819 0.4736
251619_at AT3G58050 0.2732 0.05 -0.03114 0.4068
246628_at AT1G48900 0.5232 0.0446 -0.03242 0.4644
248773_at AT5G47820 -0.4981 0.044 -0.04215 0.4299
253220_s_at AT4G34930;AT4G34920 -0.5712 0.0388 -0.07256 0.3369
249109_at AT5G43700 -0.9547 0.0426 -0.0972 0.3972
265557_at AT2G05640 1.1378 0.0325 -0.1087 0.3385
252182_at AT3G50670 0.5015 0.0468 -0.1115 0.2696
258300_at AT3G23340 -0.4163 0.0488 -0.133 0.1906
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262064_at AT1G56070 0.3713 0.0448 -0.1337 0.1504
256907_at AT3G24030 -0.4171 0.0441 -0.1402 0.1588
247980_at AT5G56860 -0.5787 0.041 -0.141 0.2083
257338_s_at ATMG00513;AT2G07711 1.7734 0.0391 -0.1568 0.4068
246285_at AT4G36980 0.9734 0.0497 -0.1687 0.3328
256267_at AT3G12260 -0.2943 0.0467 -0.1749 0.0781
249299_at AT5G41340 -0.5607 0.0312 -0.1951 0.0418
261970_at AT1G65960 -0.3143 0.0446 -0.2195 0.0585
255529_at AT4G02120 0.5626 0.0482 -0.2236 0.1446
260528_at AT2G47260 1.0301 0.0329 -0.2272 0.1563
250439_at AT5G10450 -0.0318 0.3836 -0.228 0.0355
258797_at AT3G04730 -0.5078 0.0482 -0.2374 0.1153
245533_at AT4G15130 -0.4977 0.0334 -0.2656 0.0488
257766_at AT3G23030 -0.8374 0.0435 -0.2683 0.1654
247075_at AT5G66410 -0.5103 0.0388 -0.2713 0.0655
249482_at AT5G38980 -0.2678 0.0391 -0.2727 0.0316
266483_at AT2G47910 -0.6432 0.0459 -0.2781 0.1202
248409_at AT5G51545 -0.6151 0.0435 -0.2839 0.1001
252904_at AT4G39620 -0.4076 0.0486 -0.2867 0.0651
260523_at AT2G41720 0.0898 0.1997 -0.2937 0.0355
251788_at AT3G55420 -0.911 0.0446 -0.2955 0.1699
248533_at AT5G50020 -1.1106 0.0434 -0.3017 0.2004
251241_s_at AT3G62460;AT3G62530 -0.4722 0.0417 -0.3146 0.0544
248261_at AT5G53280 -0.6973 0.0431 -0.3149 0.102
257800_at AT3G15900 -0.3095 0.0446 -0.3219 0.0355
265494_at AT2G15680 -1.0426 0.0471 -0.3234 0.193
263150_at AT1G54050 -0.7462 0.0461 -0.3257 0.1191
255071_at no_match -1.0385 0.0334 -0.3274 0.0982
245716_at AT5G08740 -0.09211 0.2543 -0.3331 0.0416
256681_at AT3G52340 -0.1419 0.0892 -0.3387 0.0293
256150_at AT1G55120 -0.9938 0.0436 -0.3388 0.1539
261607_at AT1G49660 -0.7584 0.0417 -0.339 0.0947
258412_at AT3G17210 -0.5393 0.0349 -0.3441 0.0422
248181_at AT5G54290 0.02317 0.4972 -0.346 0.04
260100_at AT1G73177 -0.5028 0.032 -0.3637 0.0315
262194_at AT1G77930 -0.1418 0.1977 -0.3782 0.0447
255659_at AT4G00895 -0.3021 0.0391 -0.3848 0.027
254910_at AT4G11175 -0.7222 0.0482 -0.391 0.0925
248026_at AT5G55710 -0.1483 0.181 -0.3923 0.0418
245488_at AT4G16270 -1.3353 0.032 -0.3935 0.0884
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250170_at AT5G14260 -0.3505 0.0391 -0.3995 0.0294
248328_at AT5G52660 -0.5563 0.0451 -0.4014 0.0572
260546_at AT2G43520 -0.5989 0.036 -0.402 0.0429
251120_at AT3G63490 -0.1657 0.136 -0.4022 0.0355
248288_at AT5G52840 -0.1891 0.1344 -0.4067 0.041
257313_at AT3G26520 -0.3895 0.0534 -0.408 0.0425
256792_at AT3G22150 -0.4256 0.0445 -0.4087 0.0387
246003_at AT5G20720 -0.4147 0.0551 -0.4137 0.0464
262539_at AT1G17200 -0.5722 0.0482 -0.4142 0.0621
246202_at AT4G37040 -0.2394 0.1172 -0.417 0.0463
252277_at AT3G49470 -0.3164 0.0737 -0.4261 0.0429
260889_at AT1G29120 -0.3614 0.0677 -0.4263 0.0461
247201_at AT5G65220 -0.4989 0.0463 -0.4296 0.0461
260644_at AT1G53290 -0.3031 0.0656 -0.4297 0.0363
262684_s_at AT1G76030;AT1G20260 -0.2532 0.0937 -0.4334 0.04
249265_at AT5G41700 -0.2023 0.1263 -0.4353 0.0387
246441_at AT5G17560 -0.56 0.0436 -0.4363 0.0487
265431_at AT2G20680 -0.24 0.1176 -0.4401 0.0434
253201_at AT4G34620 -0.5326 0.0459 -0.4415 0.0484
261594_at AT1G33240 -0.4517 0.0553 -0.4424 0.048
259074_at AT3G02130 -0.204 0.1525 -0.4438 0.0443
250257_at AT5G13770 -0.4021 0.0406 -0.4512 0.0312
251355_at AT3G61100 -0.3046 0.0982 -0.4517 0.049
254656_at AT4G18070 -0.8646 0.0312 -0.4553 0.0344
254705_at AT4G17870 -0.6502 0.032 -0.4561 0.0314
255379_at AT4G03520 -0.1271 0.1537 -0.4653 0.0284
255332_at AT4G04340 -0.2609 0.0686 -0.4685 0.0313
249691_at AT5G36170 -0.2369 0.1357 -0.4703 0.0449
263987_at AT2G42690 -0.2685 0.111 -0.4736 0.0434
247278_at AT5G64380 -0.2484 0.1211 -0.4744 0.0429
259896_at AT1G71500 -0.4791 0.0446 -0.4778 0.0371
263350_at AT2G13360 -0.4011 0.0534 -0.4786 0.0363
249847_at AT5G23210 -0.1832 0.1939 -0.4796 0.0447
265193_at AT1G05070 -0.2523 0.1276 -0.4812 0.0447
252438_at AT3G47390 -0.143 0.2492 -0.4817 0.0434
259680_at AT1G77690 -1.0754 0.0495 -0.4847 0.124
261740_at AT1G47740 -0.3951 0.0745 -0.4867 0.0485
252683_at AT3G44380 -0.4267 0.0685 -0.4893 0.0489
254360_at AT4G22340 -0.2124 0.0861 -0.4945 0.0293
251218_at AT3G62410 -0.5652 0.04 -0.4962 0.0371
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246736_at AT5G27560 -0.4545 0.0459 -0.4966 0.0346
257222_at AT3G27925 -0.1709 0.1446 -0.4968 0.0323
256514_at AT1G66130 -0.4728 0.0366 -0.4979 0.0293
262029_at AT1G35680 -0.4686 0.0425 -0.5054 0.033
254693_at AT4G17880 -0.8927 0.0442 -0.5055 0.0764
248798_at AT5G47190 -0.799 0.0398 -0.5056 0.0552
258500_at AT3G02468;AT3G02470 -0.4673 0.046 -0.5068 0.0351
258622_at AT3G02720 -0.3009 0.1076 -0.5085 0.0447
257826_at AT3G26730 -0.346 0.0587 -0.5131 0.033
264350_at AT1G11870 -0.2491 0.1157 -0.5146 0.0374
248950_at AT5G45390 -0.1705 0.2045 -0.5163 0.0403
257773_at AT3G29185 -0.4738 0.0646 -0.5166 0.049
245242_at AT1G44446 -0.4534 0.0387 -0.5185 0.0291
248828_at AT5G47110 -0.4727 0.0463 -0.5218 0.0347
248886_at AT5G46110 -0.3343 0.0421 -0.5221 0.0251
259092_at AT3G04870 -0.2234 0.0587 -0.5241 0.0249
251883_at AT3G54210 -0.4545 0.0637 -0.5253 0.0443
252922_at AT4G39040 -0.3912 0.0582 -0.5263 0.0342
255638_at AT4G00740 -0.2576 0.1361 -0.5299 0.0433
258295_at AT3G23400 -0.398 0.0609 -0.5326 0.0362
257807_at AT3G26650 -0.5656 0.0539 -0.5331 0.0487
250542_at AT5G08270 -0.255 0.1481 -0.5335 0.0456
257932_at AT3G17040 -0.2646 0.0998 -0.5345 0.0342
264040_at AT2G03730 -0.729 0.04 -0.5349 0.0456
265247_at AT2G43030 -0.5034 0.0587 -0.536 0.0458
248507_at AT5G50420 -0.2286 0.1801 -0.5402 0.0473
261411_at AT1G07790 -0.7309 0.0336 -0.5407 0.0339
250653_at AT5G06930 -0.7023 0.0496 -0.5439 0.0583
245150_at AT2G47590 -0.1626 0.1704 -0.5453 0.0317
246444_at AT5G17570 -0.5004 0.0334 -0.5491 0.0261
264575_at AT1G05190 -0.6271 0.0325 -0.5498 0.0285
262954_at AT1G54500 -0.2223 0.1301 -0.5502 0.0339
245304_at AT4G15630 -0.7016 0.0464 -0.5504 0.0529
252647_at AT3G44620 -0.618 0.036 -0.5516 0.0318
259491_at AT1G15820 -0.4448 0.068 -0.5522 0.0434
257647_at AT3G25805 -0.5832 0.0448 -0.553 0.04
258269_at AT3G15690 -0.8218 0.036 -0.5558 0.0416
246454_at AT5G16710 -0.6532 0.0357 -0.5566 0.0329
249193_at AT5G42480 -0.2603 0.1488 -0.5571 0.0444
256468_at AT1G32550 -0.4476 0.0462 -0.5575 0.032
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257072_at AT3G14220 -0.5677 0.0325 -0.5598 0.0266
245281_at AT4G15560 -0.4418 0.0376 -0.5606 0.0263
261713_at AT1G32640 -0.8195 0.0391 -0.5609 0.0485
256997_at AT3G14067 -0.3614 0.0391 -0.5635 0.0249
251118_at AT3G63410 -0.2041 0.1561 -0.5656 0.0342
245877_at AT1G26220 -0.4766 0.0579 -0.5667 0.0397
248201_at AT5G54180 -0.5953 0.0391 -0.567 0.033
264374_at AT2G25180 -0.03397 0.4558 -0.5685 0.027
250190_at AT5G14320 -0.4008 0.0591 -0.57 0.0334
246154_at AT5G19940 -0.5366 0.0542 -0.571 0.0424
247100_at AT5G66520 -0.7635 0.0312 -0.5722 0.0249
254669_at AT4G18370 -0.3185 0.1292 -0.5761 0.0486
259822_at AT1G66230 -0.7937 0.0421 -0.5768 0.049
251929_at AT3G53920 -0.4221 0.0771 -0.5771 0.0434
259431_at AT1G01620 -0.6026 0.036 -0.5771 0.0312
245118_at AT2G41680 -0.3965 0.0396 -0.5783 0.0252
246911_at AT5G25810 -1.4095 0.0468 -0.5783 0.1349
248440_at AT5G51260 -0.6998 0.0334 -0.5808 0.0312
250262_at AT5G13410 -0.5155 0.0681 -0.5815 0.0496
263429_at AT2G22250 -0.3361 0.122 -0.5827 0.0487
251664_at AT3G56940 -0.3641 0.0923 -0.5837 0.0425
267152_at AT2G31040 -0.3465 0.1105 -0.5839 0.046
252130_at AT3G50820 -0.3058 0.1385 -0.5858 0.0483
261952_at AT1G64430 -0.3281 0.109 -0.5869 0.0425
252023_at AT3G52920 -0.7321 0.05 -0.5875 0.0557
256680_at AT3G52230 -0.4282 0.04 -0.5879 0.027
264484_at AT1G77260 -0.4862 0.0747 -0.5881 0.0496
264315_at AT1G70370 -0.6823 0.038 -0.5884 0.0339
252824_at AT4G40030 -0.4448 0.0684 -0.5891 0.0413
257831_at AT3G26710 -0.7017 0.0391 -0.5895 0.0378
246158_at AT5G19855 -0.8146 0.0431 -0.5899 0.0522
250272_at AT5G13000 0.1734 0.1554 -0.5901 0.0298
258989_at AT3G08920 -0.5083 0.0517 -0.5915 0.0358
264609_at AT1G04530 -0.3847 0.0334 -0.5917 0.0249
246847_at AT5G26820 -0.3738 0.0771 -0.5923 0.0366
267291_at AT2G23740 -0.2641 0.1543 -0.593 0.0434
252929_at AT4G38970 -0.497 0.0576 -0.5935 0.0391
265985_at AT2G24220 -0.7299 0.0496 -0.5936 0.0539
264839_at AT1G03630 -0.5278 0.0313 -0.5946 0.0249
245044_at AT2G26500 -0.4408 0.0609 -0.595 0.0357
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245532_at AT4G15110 -0.3646 0.0826 -0.5959 0.0374
251133_at AT5G01240 -0.4832 0.0731 -0.596 0.0471
250074_at AT5G17310 -0.287 0.131 -0.601 0.0416
267196_at AT2G30950 -0.2298 0.1624 -0.6017 0.0378
254388_at AT4G21860 -0.4407 0.0446 -0.6034 0.0291
261320_at AT1G53120 -0.1914 0.1122 -0.6043 0.027
250906_at AT5G03650 0.07911 0.4374 -0.6044 0.0473
262897_at AT1G59840 -1.0572 0.0431 -0.6049 0.0721
246549_at AT5G15050 -0.5063 0.0519 -0.6057 0.0351
264474_s_at AT5G38420;AT5G38430;A -0.3702 0.0775 -0.6092 0.0355
249007_at AT5G44650 -0.3201 0.1212 -0.6095 0.0429
251082_at AT5G01530 -0.434 0.0743 -0.6096 0.0416
261769_at AT1G76100 -0.5156 0.056 -0.6098 0.0387
264987_at AT1G27030 -0.9798 0.0334 -0.61 0.041
261016_at AT1G26560 -0.1592 0.2313 -0.6101 0.0344
245338_at AT4G16442 -0.5613 0.0572 -0.6109 0.0432
254181_at AT4G23940 -0.1296 0.3155 -0.6119 0.041
257706_at AT3G12685 -1.143 0.041 -0.6126 0.072
261577_at AT1G01080 -0.3626 0.1176 -0.6136 0.0487
265149_at AT1G51400 -0.5875 0.0624 -0.6146 0.05
261507_at AT1G71720 -0.3499 0.0681 -0.6179 0.0314
262875_at AT1G64970 -0.3788 0.0915 -0.6183 0.0416
264158_at AT1G65260 -0.4795 0.0722 -0.6184 0.0438
263760_at AT2G21280 -0.473 0.0775 -0.6185 0.0461
258993_at AT3G08940 -0.4306 0.076 -0.619 0.041
248550_at AT5G50210 -0.4336 0.0612 -0.6222 0.0339
258039_at AT3G21200 -0.7599 0.0391 -0.6223 0.0394
266614_at AT2G14910 -0.3607 0.0482 -0.6227 0.0265
253412_at AT4G33000 -0.836 0.0435 -0.6231 0.051
255809_at AT4G10300 -0.8132 0.032 -0.6235 0.0293
265319_at AT2G22670 -0.4985 0.0514 -0.6278 0.0334
251172_at AT3G63190 -0.3332 0.0929 -0.6283 0.0352
263761_at AT2G21330 -0.645 0.0415 -0.6312 0.0339
246673_at AT5G30510 -0.3087 0.1259 -0.6339 0.041
262195_at AT1G78040 -0.3973 0.1085 -0.6347 0.0487
263980_at AT2G42770 -0.752 0.0391 -0.6347 0.0369
246226_at AT4G37200 -0.4686 0.0804 -0.6348 0.0457
253272_at AT4G34190 -0.6352 0.038 -0.6349 0.0313
248174_at AT5G54600 -0.4503 0.0719 -0.6366 0.0395
259892_at AT1G72610 -0.4201 0.1012 -0.6368 0.0489
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259791_at AT1G29700 -0.3738 0.1041 -0.6382 0.0431
264545_at AT1G55670 -0.4724 0.0723 -0.6388 0.0422
254398_at AT4G21280 -0.5132 0.0584 -0.6392 0.0377
249875_at AT5G23120 -0.5699 0.0549 -0.64 0.0408
250763_at AT5G06060 -0.3978 0.064 -0.6433 0.0323
245284_at AT4G14210 -0.2143 0.1104 -0.6435 0.0276
258515_at AT3G06650 -0.5863 0.0539 -0.6452 0.0408
262412_at AT1G34760 -0.5003 0.0804 -0.6471 0.0488
245790_at AT1G32200 -0.1125 0.2703 -0.6472 0.0293
266079_at AT2G37860 -0.3172 0.1149 -0.6484 0.0376
264238_at AT1G54740 -0.9542 0.0491 -0.6504 0.0686
245618_at AT4G14510 -0.2946 0.1121 -0.6522 0.0339
247107_at AT5G66040 -0.3553 0.1314 -0.6527 0.0485
261206_at AT1G12800 -0.7215 0.0365 -0.6543 0.0323
263763_at AT2G21385 -0.4618 0.0777 -0.6552 0.0424
260872_at AT1G21350 -0.513 0.0336 -0.6564 0.0249
254623_at AT4G18480 -0.3935 0.0729 -0.6565 0.0335
254298_at AT4G22890 -0.4815 0.0498 -0.6578 0.0314
253300_at AT4G33580 -0.8554 0.0459 -0.6579 0.0533
250058_at AT5G17870 -0.7203 0.0431 -0.659 0.0392
261826_at AT1G11580 -0.792 0.0447 -0.6595 0.0461
257190_at AT3G13120 -0.6323 0.0424 -0.6596 0.0333
260347_at AT1G69420 -0.7763 0.0391 -0.6602 0.0371
248242_at AT5G53580 -0.3603 0.0645 -0.6616 0.0294
259882_at AT1G76670 -0.5275 0.0742 -0.6652 0.0464
248538_at AT5G50110 -0.613 0.0579 -0.6663 0.0434
265547_at AT2G28305 -0.7177 0.0519 -0.6674 0.047
259867_at AT1G76740 -0.4006 0.0832 -0.6677 0.0371
250056_at AT5G17660 -0.4752 0.0582 -0.6682 0.0334
252853_at AT4G39710 -0.3096 0.1693 -0.6692 0.0497
257908_at AT3G25410 -0.1205 0.3248 -0.6693 0.0351
262823_at AT1G11750 -0.2882 0.1131 -0.6698 0.0332
248360_at AT5G52430 -0.2388 0.2018 -0.6713 0.0429
250161_at AT5G15240 -1.1965 0.036 -0.6717 0.0536
248962_at AT5G45680 -0.8103 0.0391 -0.6736 0.0374
251903_at AT3G54120 -0.1296 0.2547 -0.6738 0.0299
261315_at AT1G53170 -0.6403 0.0494 -0.6738 0.0391
253420_at AT4G32260 -0.556 0.0567 -0.6776 0.0374
250867_at AT5G03880 -0.4451 0.0513 -0.6786 0.0293
252032_at AT3G52150 -0.5934 0.0328 -0.6796 0.0249
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260898_at AT1G29070 -0.555 0.0661 -0.6809 0.0433
246546_at AT5G15090 -0.2326 0.1643 -0.6825 0.0339
257168_at AT3G24430 -0.4892 0.0461 -0.6829 0.0293
261457_at AT1G21065 -0.443 0.093 -0.6836 0.0444
260155_at AT1G52870 -0.3773 0.0437 -0.684 0.0249
265183_at AT1G23750 -1.0428 0.041 -0.6842 0.0544
257172_at AT3G23700 -0.4563 0.0804 -0.6847 0.041
263298_at AT2G15290 -0.3809 0.1016 -0.6857 0.04
257519_at AT3G01210 -0.6156 0.0577 -0.6868 0.0424
246268_at AT1G31800 -0.5182 0.0419 -0.6878 0.0278
267612_at AT2G26690 -0.5614 0.0414 -0.6927 0.0293
266521_at AT2G24020 -0.6474 0.0349 -0.6933 0.0275
253945_at AT4G27050 -0.4326 0.0968 -0.6936 0.0434
248986_at AT5G45170 -0.4517 0.0605 -0.6948 0.0323
250498_at AT5G09660 -0.4277 0.0431 -0.6949 0.0251
260165_at AT1G79850 -0.7314 0.0411 -0.6965 0.0345
259768_at AT1G29390 -0.2695 0.1992 -0.6985 0.0467
260014_at AT1G68010 -0.4999 0.0747 -0.699 0.0418
249244_at AT5G42270 -0.3725 0.0665 -0.7001 0.0294
266391_at AT2G41290 -0.6657 0.0534 -0.7014 0.0422
253391_at AT4G32590 -0.8763 0.05 -0.7017 0.0558
256115_at AT1G16880 -0.6821 0.038 -0.703 0.0309
247131_at AT5G66190 -0.2064 0.2124 -0.7035 0.0359
258708_at AT3G09580 -0.7832 0.0414 -0.704 0.0371
248765_at AT5G47650 -0.5674 0.0406 -0.7061 0.0286
262830_at AT1G14700 -0.774 0.0383 -0.7063 0.0333
249817_at AT5G23820 -0.9073 0.036 -0.7066 0.0356
250531_at AT5G08650 -0.5744 0.0446 -0.7071 0.0315
264608_at AT1G04710 -0.7242 0.0539 -0.708 0.0461
252039_at AT3G52155 -0.4743 0.0534 -0.711 0.031
264371_at AT1G12090 -0.5563 0.0558 -0.7123 0.0351
254245_at AT4G23240 0.5253 0.0814 -0.7132 0.0461
255435_at AT4G03280 -0.5739 0.0451 -0.714 0.0316
245362_at AT4G17460 -0.2839 0.1628 -0.7143 0.0401
245201_at AT1G67840 -0.3407 0.1027 -0.7147 0.0339
264161_at AT1G65420 0.004568 0.5696 -0.7158 0.0356
256835_at AT3G22890 -0.5911 0.0391 -0.7165 0.0284
256753_at AT3G27160 -0.8487 0.0339 -0.7193 0.0313
266123_at AT2G45180 -0.6044 0.0548 -0.7195 0.0374
251814_at AT3G54890 -0.3882 0.1056 -0.7201 0.0398
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253491_at AT4G31770 0.2957 0.1917 -0.7203 0.0487
256805_at AT3G20930 -0.4713 0.0502 -0.7203 0.0291
267630_at AT2G42130 -0.6041 0.0312 -0.7204 0.0249
254239_at AT4G23400 -0.6332 0.0468 -0.7204 0.0342
251701_at AT3G56650 -0.9199 0.032 -0.7211 0.0291
267517_at AT2G30520 -0.5313 0.0821 -0.7239 0.0461
251996_at AT3G52840 -0.5236 0.0825 -0.7251 0.0457
255440_at AT4G02530 -0.4919 0.0897 -0.7263 0.0453
254508_at AT4G20170 -0.5164 0.0809 -0.7286 0.0434
262342_at AT1G64150 -0.4915 0.0576 -0.7296 0.0321
267635_at AT2G42220 -0.7414 0.0452 -0.7322 0.0385
259981_at AT1G76450 -0.9375 0.0323 -0.7343 0.0307
256979_at AT3G21055 -0.5857 0.0467 -0.7349 0.0321
267078_at AT2G40960 -0.06885 0.4385 -0.7358 0.0331
265138_at AT1G51300 -0.723 0.0534 -0.7361 0.0434
258196_at AT3G13980 -0.3946 0.1226 -0.7369 0.0442
267471_at AT2G30390 -0.2102 0.1324 -0.7416 0.027
246021_at AT5G21100 -0.5346 0.0567 -0.7416 0.0333
253548_at AT4G30993 -0.5278 0.0831 -0.7419 0.0451
245198_at AT1G67700 -0.7818 0.038 -0.7427 0.0323
246596_at AT5G14740 -0.5555 0.0606 -0.7439 0.0358
258997_at AT3G01810 -0.4558 0.0433 -0.744 0.0251
252972_at AT4G38840 -0.724 0.036 -0.7445 0.0291
257699_at AT3G12780 -0.328 0.1123 -0.7448 0.0335
254068_at AT4G25450 -0.1937 0.2308 -0.7481 0.034
266587_at AT2G14880 -0.6982 0.0472 -0.7482 0.0371
266662_at AT2G25830 -0.743 0.036 -0.7504 0.0294
251326_at AT3G61590 -0.4009 0.0744 -0.7516 0.0316
263449_at AT2G31670 -0.5872 0.0332 -0.7521 0.0249
246323_at AT1G16690 -0.01944 0.5286 -0.7547 0.027
253600_at AT4G30810 -0.291 0.0985 -0.7553 0.0291
262368_at AT1G73060 -0.6805 0.0525 -0.7554 0.0391
265628_at AT2G27290 -0.8037 0.0418 -0.7558 0.0355
245743_at AT1G51080 -1.4096 0.038 -0.756 0.062
265419_at AT2G20840 -0.3696 0.14 -0.7568 0.0446
263880_at AT2G21960 -0.3899 0.0525 -0.757 0.0252
267516_at AT2G30520 -1.2416 0.0463 -0.7572 0.0747
263442_at AT2G28605 -0.544 0.074 -0.758 0.0417
252953_at AT4G38570 -0.293 0.1772 -0.7588 0.0419
248042_at AT5G55960 -0.5862 0.0813 -0.76 0.049
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253547_at AT4G30950 -0.6494 0.048 -0.7605 0.0339
255850_at AT2G33450 -0.9301 0.036 -0.7614 0.0339
247025_at AT5G67030 -0.4788 0.0801 -0.7627 0.0374
255764_at AT1G16720 -0.4704 0.0579 -0.7642 0.0305
266533_s_at AT2G16850;AT4G35100 -0.5172 0.0496 -0.7645 0.0293
265119_at AT1G62570 -0.9369 0.0459 -0.7646 0.0489
251820_at AT3G55040 -0.5104 0.0789 -0.7651 0.0403
262235_at AT1G48350 -0.6231 0.0678 -0.7661 0.0436
247261_at AT5G64460 -1.0919 0.0471 -0.7667 0.0638
263287_at AT2G36145 -0.6498 0.0482 -0.7682 0.0339
249797_at AT5G23750 -1.1958 0.0442 -0.769 0.0646
246547_at AT5G14970 -0.7238 0.0421 -0.7705 0.033
261751_at AT1G76080 -0.5921 0.0549 -0.7716 0.034
259789_at AT1G29395 -0.8855 0.046 -0.7717 0.0451
257008_at AT3G14210 -0.5531 0.0558 -0.7748 0.033
263705_at AT1G31190 -0.5788 0.0624 -0.7759 0.0371
253425_at AT4G32190 -0.858 0.0327 -0.7772 0.0284
260566_at AT2G43750 -0.6285 0.0767 -0.7777 0.049
247943_at AT5G57170 -0.9721 0.0358 -0.778 0.0339
255623_at AT4G01310 -0.4921 0.0538 -0.7813 0.0293
255537_at AT4G01690 -0.1915 0.2103 -0.7815 0.0314
249162_at AT5G42765 -0.7849 0.0334 -0.7824 0.027
254529_at AT4G19540 0.01662 0.5559 -0.7837 0.0452
260704_at AT1G32470 -0.9135 0.032 -0.7837 0.0284
260653_at AT1G32440 -0.4087 0.1099 -0.785 0.0395
259658_at AT1G55370 -0.5169 0.0859 -0.7851 0.0425
250095_at AT5G17230 -0.7205 0.0492 -0.7852 0.0373
264911_at AT1G60690 -0.6279 0.0542 -0.7859 0.0349
261954_at AT1G64510 -0.7166 0.0329 -0.7867 0.0251
261649_at AT1G27700 -0.6726 0.0421 -0.7879 0.0312
261635_at AT1G50020 -0.4705 0.0638 -0.79 0.0314
248920_at AT5G45930 -0.5831 0.0716 -0.7922 0.0416
252199_at AT3G50270 -0.8324 0.0448 -0.7929 0.0399
251855_at AT3G54690 -0.7546 0.0464 -0.7939 0.037
251324_at AT3G61430 -0.6084 0.0391 -0.794 0.027
260542_at AT2G43560 -0.6606 0.038 -0.794 0.0275
258291_at AT3G23310 -0.6655 0.0442 -0.7973 0.0317
250484_at AT5G10240 -0.7903 0.0563 -0.7985 0.0464
264728_at AT1G22850 -0.5276 0.0497 -0.8018 0.0291
250475_at AT5G10180 -1.0616 0.0334 -0.8028 0.0331
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249093_at AT5G43880 -0.7512 0.0446 -0.8033 0.0342
263676_at AT1G09340 -0.803 0.0424 -0.8044 0.0339
247304_at AT5G63850 -1.1398 0.0459 -0.8051 0.06
254102_at AT4G25050 -0.8361 0.038 -0.8054 0.0321
264204_at AT1G22710 -0.6393 0.0605 -0.8068 0.0387
256228_at AT1G56190 -0.3571 0.0534 -0.8069 0.0249
262232_at AT1G68600 -0.7572 0.0391 -0.8071 0.0312
249658_s_at AT5G36790;AT5G36700 -0.6272 0.0486 -0.8112 0.0321
249247_at AT5G42310 -0.5842 0.0564 -0.8116 0.0331
264801_at AT1G08840 -0.3519 0.1834 -0.8125 0.0498
260385_at AT1G74090 -0.788 0.0523 -0.8142 0.0424
264037_at AT2G03750 -0.894 0.0462 -0.8146 0.0432
263131_at AT1G78630 -0.624 0.0774 -0.8155 0.0461
261519_at AT1G71810 -0.4289 0.1105 -0.8167 0.0402
262786_at AT1G10740 -0.6383 0.0755 -0.8181 0.0461
263136_at AT1G78580 -0.4869 0.1105 -0.8195 0.0461
245383_at AT4G17810 -0.7759 0.032 -0.8196 0.0251
267220_at AT2G02500 -1.1534 0.0376 -0.8227 0.0416
246644_at AT5G35100 -0.4172 0.038 -0.823 0.0249
262397_at AT1G49380 -0.7933 0.0435 -0.8235 0.034
248634_at AT5G49030 -0.5395 0.0617 -0.8239 0.033
261480_at AT1G14280 -0.8465 0.0534 -0.8246 0.046
251669_at AT3G57180 -0.7189 0.0567 -0.8254 0.0408
259103_at AT3G11690 -0.9425 0.0332 -0.8258 0.0293
267088_at AT2G38140 -0.6372 0.0748 -0.8261 0.0452
262728_at AT1G75820 -0.4726 0.1083 -0.8265 0.0432
253009_at AT4G37930 -0.5028 0.0465 -0.8267 0.027
251860_at AT3G54660 -0.3986 0.06 -0.8268 0.0265
247166_at AT5G65840 -0.3205 0.1082 -0.8284 0.0305
261279_at AT1G05850 -0.6594 0.0312 -0.8285 0.0249
249610_at AT5G37360 -0.578 0.064 -0.8288 0.0349
260260_at AT1G68540 -0.8601 0.0438 -0.8309 0.0374
250243_at AT5G13630 -0.6817 0.048 -0.8313 0.0331
253233_at AT4G34290 -0.9972 0.0391 -0.8318 0.0375
249785_at AT5G24300 -0.4674 0.0417 -0.8323 0.0249
265415_at AT2G20890 -0.5993 0.0539 -0.8347 0.0323
264240_at AT1G54820 -0.6031 0.0823 -0.8348 0.0456
260696_at AT1G32520 -0.8924 0.0459 -0.8371 0.0418
258086_at AT3G25860 -0.4595 0.1217 -0.8379 0.0451
267172_at AT2G37660 -0.3478 0.1233 -0.8396 0.0336
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261190_at AT1G32990 -0.6596 0.052 -0.8403 0.0334
246492_at AT5G16140 -0.6566 0.0538 -0.8405 0.0339
246308_at AT3G51820 -0.5692 0.092 -0.8406 0.0464
266636_at AT2G35370 -0.7904 0.036 -0.8419 0.0285
251969_at AT3G53130 -0.2136 0.2873 -0.8442 0.0434
247040_at AT5G67150 -0.7122 0.0536 -0.8461 0.0366
266684_at AT2G19720 -1.0551 0.032 -0.8463 0.0294
262316_at AT2G48120 -0.9598 0.0391 -0.8467 0.0355
262168_at AT1G74730 -0.5747 0.0538 -0.8473 0.0313
266591_at AT2G46225 -0.6261 0.0723 -0.8475 0.0421
251396_at AT3G60750 -0.387 0.0579 -0.8485 0.0251
262634_at AT1G06690 -0.7219 0.0391 -0.8488 0.0286
255567_at AT4G01150 -0.8132 0.036 -0.8491 0.0285
261119_at AT1G75350 -0.8735 0.0424 -0.8491 0.0352
251815_at AT3G54900 -0.558 0.0941 -0.8502 0.0457
245745_at AT1G51110 -0.6285 0.0747 -0.8527 0.0429
266716_at AT2G46820 -0.7191 0.0496 -0.8554 0.034
247320_at AT5G64040 -0.6252 0.0546 -0.8576 0.033
264525_at AT1G10060 -0.4598 0.0787 -0.8577 0.0329
266478_at AT2G31170 -0.2833 0.2236 -0.8594 0.0434
257909_at AT3G25480 -0.6224 0.0624 -0.8598 0.0355
247891_at AT5G57960 -0.5153 0.0756 -0.8614 0.034
251461_at no_match -0.8425 0.0547 -0.8621 0.0444
251885_at AT3G54050 -0.8336 0.0446 -0.8628 0.0355
261338_at AT1G44920 -0.7205 0.036 -0.8632 0.0265
250665_at AT5G06980 -0.8277 0.0312 -0.8641 0.0249
266767_at AT2G46910 -0.9827 0.0396 -0.8671 0.0363
254877_at AT4G11640 -0.7927 0.0583 -0.8701 0.0434
246110_at AT5G20140 -0.5264 0.0842 -0.8715 0.0374
259331_at AT3G03840 -1.1517 0.0496 -0.8715 0.0602
249588_at AT5G37790 -1.2603 0.038 -0.872 0.0434
255982_at AT1G34000 -0.6265 0.0482 -0.8776 0.0305
250846_at AT5G04590 -0.9156 0.0547 -0.8783 0.0486
245354_at AT4G17600 -0.7368 0.0462 -0.8793 0.033
246199_at AT4G36530 -0.761 0.0348 -0.88 0.0257
251869_at AT3G54500 -0.733 0.0468 -0.8813 0.0331
259287_at AT3G11490 -0.8803 0.0567 -0.8813 0.0476
253384_at AT4G32915 -0.4099 0.0655 -0.8814 0.027
260284_at AT1G80380 -0.6958 0.0388 -0.8815 0.027
256855_at AT3G15190 -0.562 0.0672 -0.8835 0.0334
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263954_at AT2G35840 -0.5371 0.0605 -0.8837 0.0312
257253_at AT3G24190 -0.4499 0.1266 -0.8851 0.0429
248449_at AT5G51110 -0.7126 0.0366 -0.8856 0.0263
264394_at AT1G11860 -1.0329 0.0312 -0.8858 0.0253
258350_at AT3G17510 -0.7249 0.0685 -0.8876 0.0447
265339_at AT2G18230 -0.3367 0.1251 -0.8879 0.0321
261948_at AT1G64680 -0.8927 0.0436 -0.8883 0.0358
251519_at AT3G59400 -0.6635 0.0426 -0.8886 0.0284
262288_at AT1G70760 -0.8381 0.0519 -0.8887 0.0409
248287_at AT5G52970 -0.8316 0.0327 -0.8894 0.0251
249421_at AT5G39830 -0.4432 0.1288 -0.8908 0.0425
254727_at AT4G13670 -0.2737 0.253 -0.8927 0.046
262945_at AT1G79510 -0.7027 0.0534 -0.8938 0.0339
252823_at AT4G40045 -0.8068 0.0332 -0.8939 0.0251
262059_at AT1G80030 -0.8861 0.0519 -0.8946 0.0429
246502_at AT5G16240 -0.5892 0.0731 -0.8969 0.037
260056_at AT1G78140 -0.4434 0.0618 -0.8973 0.027
254480_at AT4G20360 -0.4626 0.0377 -0.8976 0.0249
254535_at AT4G19710 -0.4513 0.1057 -0.8984 0.0365
250613_at AT5G07240 -0.7392 0.0519 -0.8984 0.0342
250125_at AT5G16390 -0.7184 0.0519 -0.8985 0.0337
261353_at AT1G79600 -0.7077 0.0468 -0.9006 0.0321
260388_at AT1G74070 -0.975 0.041 -0.9034 0.0355
266927_at AT2G45960 -0.5007 0.0366 -0.9069 0.0249
245810_at AT1G38065;AT1G38131 -0.7511 0.0586 -0.9077 0.0395
253751_at AT4G29070 -0.656 0.0391 -0.9078 0.0263
259460_at AT1G44000 -0.6242 0.0847 -0.9095 0.0436
259279_at AT3G01120 -0.8561 0.032 -0.9098 0.0249
263873_at AT2G21860 -0.6046 0.0431 -0.9108 0.0269
245701_at AT5G04140 -0.7199 0.0504 -0.9108 0.0331
251305_at AT3G62030 -0.5633 0.036 -0.911 0.0249
251024_at AT5G02180 -0.3542 0.1854 -0.9125 0.0434
256417_s_at AT3G11170;AT5G05580 -0.8051 0.0525 -0.9134 0.0377
258925_at AT3G10420 -0.4442 0.0544 -0.914 0.0251
260570_at AT2G43710 -0.6948 0.0474 -0.9173 0.0314
262283_at AT1G68590 -0.762 0.0376 -0.9195 0.027
261931_at AT1G22430 -0.6234 0.0776 -0.9198 0.0407
266963_at AT2G39450 -0.7152 0.0719 -0.92 0.0437
247544_at AT5G61670 -0.3334 0.206 -0.9203 0.0449
253337_at AT4G33470 -0.8336 0.0426 -0.9207 0.0329
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263048_s_at AT4G13500;AT2G05310 -0.5986 0.0681 -0.923 0.034
253387_at AT4G33010 -0.5482 0.06 -0.9232 0.0302
262868_at AT1G64980 -0.6687 0.0583 -0.9234 0.0339
253815_at AT4G28250 -0.7912 0.0448 -0.9242 0.033
248461_s_at AT2G47510;AT5G50950 -0.7977 0.0513 -0.9263 0.0355
251962_at AT3G53420 -0.6077 0.099 -0.9293 0.0474
259358_at AT1G13250 -0.9578 0.0434 -0.9299 0.037
263709_at AT1G09310 -0.6196 0.0621 -0.9312 0.0331
246651_at AT5G35170 -0.7062 0.0513 -0.9312 0.0329
258621_at AT3G02830 -0.839 0.0426 -0.9327 0.0323
259348_at AT3G03770 -0.5792 0.0849 -0.9328 0.0394
251784_at AT3G55330 -0.7161 0.0426 -0.9331 0.0291
259237_at AT3G11630 -0.642 0.0472 -0.9348 0.0293
261309_at AT1G48598;AT1G48600 -0.7325 0.0391 -0.9378 0.0275
256865_at AT3G23820 -0.5763 0.0751 -0.9379 0.0349
248947_at AT5G45540 -0.2677 0.2579 -0.9388 0.0432
254098_at AT4G25100 -0.6726 0.0421 -0.9388 0.027
262572_at AT1G15140 -0.6538 0.0719 -0.9406 0.0389
251759_at AT3G55630 -0.8901 0.0336 -0.941 0.027
253817_at AT4G28310 -0.265 0.256 -0.9415 0.0425
255249_at AT4G05090 -0.5438 0.0425 -0.9418 0.0249
250146_at AT5G14660 -0.6682 0.0698 -0.9429 0.0388
245042_at AT2G26540 -0.5419 0.0943 -0.9431 0.0394
256441_at AT3G10940 -0.8787 0.0431 -0.9433 0.0333
254460_at AT4G21210 -0.8275 0.0349 -0.9517 0.0261
260812_at AT1G43650 -0.6857 0.0895 -0.9525 0.049
250198_at AT5G14100 -0.5503 0.0595 -0.9527 0.0293
245793_at AT1G32220 -0.5849 0.0539 -0.9527 0.0291
245981_at AT5G13100 -0.6404 0.0771 -0.9539 0.0395
253692_at AT4G29720 -0.7595 0.053 -0.9541 0.034
266089_at AT2G38010 -0.6014 0.073 -0.9545 0.0351
259375_at AT3G16370 -0.7282 0.0775 -0.9558 0.046
260877_at AT1G21500 -0.7635 0.0446 -0.9575 0.0312
249493_at AT5G39080 -0.6741 0.0923 -0.958 0.0491
250733_at AT5G06290 -0.5944 0.0431 -0.96 0.0252
267000_at AT2G34310 -0.9952 0.036 -0.9601 0.0312
251243_at AT3G61870 -0.5915 0.0548 -0.9654 0.0293
249640_at AT5G36940 -0.4559 0.1059 -0.9669 0.034
248515_at AT5G50530;AT5G50640 -0.699 0.0871 -0.9676 0.0482
252442_at AT3G46940 -0.7056 0.0732 -0.9688 0.042
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250496_at AT5G09650 -1.043 0.036 -0.9714 0.0316
246792_at AT5G27290 -0.8924 0.0391 -0.972 0.0312
252481_at AT3G46630 -0.735 0.0426 -0.9756 0.0286
253688_at AT4G29590 -0.9775 0.032 -0.9765 0.0249
263650_at AT1G04360 -0.6797 0.0696 -0.9809 0.0374
251125_at AT5G01060 -0.2258 0.2779 -0.9811 0.0371
247376_at AT5G63310 -0.7643 0.0646 -0.9824 0.0406
257510_at AT1G55360 -0.9511 0.0391 -0.9836 0.0317
252205_at AT3G50350 -1.1185 0.0421 -0.9836 0.0391
250305_at AT5G12150 -0.4025 0.0823 -0.9845 0.0276
248582_at AT5G49910 -0.4546 0.1352 -0.9851 0.0409
262693_at AT1G62780 -0.9848 0.0391 -0.9851 0.0327
255720_at AT1G32060 -0.6188 0.0334 -0.9872 0.0249
258929_at AT3G10060 -0.9655 0.032 -0.991 0.0251
251150_at AT3G63120 -0.6098 0.1025 -0.9932 0.0449
253946_at AT4G26790 -1.8117 0.0414 -0.9942 0.071
256130_at AT1G18170 -0.9124 0.0606 -0.9945 0.0457
249710_at AT5G35630 -0.6577 0.0754 -0.9947 0.0379
262175_at AT1G74880 -0.913 0.049 -0.9955 0.0371
245213_at AT1G44575 -0.7027 0.0501 -0.9965 0.0312
261788_at AT1G15980 -0.6404 0.0583 -0.9994 0.0314
266570_at AT2G24090 -1.1158 0.0312 -1.0009 0.0249
253109_at AT4G35920 -0.8167 0.073 -1.0032 0.0474
265073_at AT1G55480 -0.8723 0.0531 -1.004 0.0374
247420_at AT5G63100 -0.4492 0.1621 -1.0047 0.0456
267247_at AT2G30170 -1.0198 0.0406 -1.0055 0.0334
245601_at AT4G14240 -0.4944 0.1359 -1.0062 0.0434
256655_at AT3G18890 -0.5853 0.097 -1.0066 0.041
261197_at AT1G12900 -0.7576 0.0398 -1.0075 0.027
254110_at AT4G25260 -0.7245 0.0879 -1.0096 0.0484
247693_at AT5G59730 -1.2653 0.0451 -1.0104 0.0496
250278_at AT5G12860 -0.4418 0.0549 -1.0163 0.0249
264850_at AT2G17340 -0.4856 0.0471 -1.0176 0.0249
263477_at AT2G31790 -0.9816 0.0521 -1.018 0.0421
252160_at AT3G50570 -0.8738 0.0425 -1.0225 0.0312
262645_at AT1G62750 -1.0307 0.0446 -1.0231 0.0374
255817_at AT2G33330 -1.245 0.0376 -1.0277 0.0349
247886_at AT5G57850 -0.9572 0.0425 -1.0283 0.033
253825_at AT4G28025 -0.7364 0.0482 -1.0286 0.0306
250981_at AT5G03140 -0.8748 0.0717 -1.0329 0.0489
104 
Supplemental Table 3. (Continued)
Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
264840_at AT1G03440 -0.3523 0.1174 -1.033 0.0291
264342_at AT1G12080 -1.794 0.0391 -1.0333 0.0623
258315_at AT3G16175 -1.0712 0.0421 -1.0358 0.0349
250490_at AT5G09760 -1.201 0.0391 -1.0369 0.0357
267063_at AT2G41120 -0.3243 0.1704 -1.0388 0.033
262721_at AT1G43560 -0.58 0.1212 -1.0401 0.046
247098_at AT5G66470 -0.3051 0.2539 -1.0409 0.0434
266329_at AT2G01590 -0.8108 0.0327 -1.0431 0.0249
246885_at AT5G26230 -0.7927 0.0731 -1.0433 0.0434
259161_at AT3G01500 -0.8135 0.0601 -1.0445 0.0374
263688_at AT1G26920 -0.9197 0.0633 -1.0496 0.045
258054_at AT3G16240 -0.9735 0.0312 -1.0497 0.0249
260118_s_at AT5G18700;AT1G33940 -0.4764 0.0586 -1.0498 0.0251
247936_at AT5G57030 -0.6446 0.036 -1.0576 0.0249
255046_at AT4G09650 -0.8355 0.0414 -1.0592 0.0286
246159_at AT5G20935 -0.7141 0.0436 -1.0593 0.027
263606_at AT2G16280 -0.7641 0.0886 -1.0609 0.0488
263000_at AT1G54350 -0.8177 0.0391 -1.0616 0.027
261605_at AT1G49580 -0.6984 0.0519 -1.0639 0.0294
249406_at AT5G40210 -1.1475 0.0508 -1.0641 0.0461
246481_s_at AT5G15960;AT5G15970 -1.0732 0.0497 -1.0668 0.0422
258250_at AT3G15850 -0.7209 0.0571 -1.0669 0.0321
248619_at AT5G49630 -0.817 0.0626 -1.0674 0.0379
263115_at AT1G03055 -1.1748 0.0399 -1.0679 0.0354
263184_at AT1G05560 -1.1724 0.036 -1.068 0.032
245274_at AT4G14360 -0.7197 0.052 -1.074 0.0302
245744_at AT1G51110 -1.1773 0.0435 -1.0742 0.04
250563_at AT5G08050 -1.2005 0.032 -1.0758 0.027
266672_at AT2G29650 -0.4123 0.1123 -1.0793 0.0312
256678_at AT3G52380 -0.7936 0.0728 -1.0796 0.0421
250075_at AT5G17670 -0.5643 0.0591 -1.0809 0.0275
258128_at AT3G24590 -0.5467 0.0897 -1.0837 0.0332
245852_at AT5G13510 -0.6378 0.0312 -1.0844 0.0232
255078_at AT4G09010 -0.7279 0.0414 -1.0882 0.0257
256088_at AT1G20810 -0.6881 0.0334 -1.0888 0.0249
251013_at AT5G02540 -0.9796 0.0421 -1.0945 0.0317
256713_at AT2G34060 -1.1751 0.0446 -1.095 0.0403
249230_at AT5G42070 -1.2761 0.0312 -1.1014 0.0249
264078_at AT2G28470 -0.8372 0.032 -1.1059 0.0249
257825_at AT3G26700 -1.3992 0.0391 -1.1094 0.0403
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267066_at AT2G41040 -0.7326 0.059 -1.1107 0.0323
262151_at AT1G52510 -1.0902 0.0472 -1.1112 0.0394
260547_at AT2G43550 -1.3094 0.038 -1.1136 0.0351
259193_at AT3G01480 -0.626 0.0743 -1.1143 0.033
251017_at AT5G02760 -1.3797 0.038 -1.1146 0.0371
252167_at AT3G50560 -1.2168 0.0431 -1.1166 0.0391
253197_at AT4G35250 -0.8903 0.0376 -1.1175 0.0265
264057_at AT2G28550 -0.5637 0.1346 -1.1197 0.0444
254485_at AT4G20760 -1.7837 0.0312 -1.1211 0.0275
258535_at AT3G06750 -0.998 0.0436 -1.1249 0.033
245930_at AT5G09240 -1.6007 0.032 -1.1254 0.0312
259603_at AT1G56500 -0.848 0.0406 -1.1285 0.0275
248624_at AT5G48790 -0.6901 0.0329 -1.1316 0.0249
248080_at AT5G55380 -0.9519 0.035 -1.1349 0.0257
249677_at AT5G35970 -0.7952 0.0764 -1.1388 0.0416
250812_at AT5G04900 -0.8328 0.0446 -1.1424 0.0292
259856_at AT1G68440 -1.0066 0.0424 -1.1445 0.0315
251762_at AT3G55800 -1.0224 0.032 -1.146 0.0249
258755_at AT3G11945 -0.6523 0.1276 -1.1461 0.0499
264862_at AT1G24330 -0.7471 0.1033 -1.1468 0.0489
245765_at AT1G33600 -1.2229 0.0312 -1.1485 0.0249
261666_at AT1G18440 -0.637 0.0646 -1.1487 0.03
247400_at AT5G62840 -0.9186 0.0446 -1.1517 0.0312
258181_at AT3G21670 -1.1762 0.0312 -1.1517 0.0249
267481_at AT2G02780 -0.9789 0.0456 -1.1525 0.033
261661_at AT1G18360 -0.754 0.032 -1.153 0.0249
259660_at AT1G55260 -1.0992 0.0336 -1.1541 0.027
252132_at AT3G50790 -0.5949 0.0885 -1.1552 0.0334
266321_at AT2G46660 0.2836 0.285 -1.1566 0.0418
245806_at AT1G45474 -1.0179 0.0584 -1.1574 0.0424
259098_at AT3G04790 -0.8133 0.038 -1.1579 0.0251
258185_at AT3G21580 -0.5306 0.1472 -1.161 0.0431
256983_at AT3G13470 -1.0564 0.0647 -1.1616 0.0488
250668_at AT5G07020 -1.0335 0.0334 -1.1618 0.0251
265959_at AT2G37240 -0.8532 0.044 -1.1649 0.0291
251665_at AT3G57040 -1.2128 0.0312 -1.1654 0.0249
245088_at AT2G39850 -1.1891 0.0349 -1.1657 0.0293
266979_at AT2G39470 -0.9965 0.0325 -1.1658 0.0249
245416_at AT4G17350 -0.9909 0.0723 -1.1662 0.0496
250657_at AT5G07000 -1.5796 0.0391 -1.1686 0.0429
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258263_at AT3G15780 -1.1316 0.0448 -1.1687 0.0359
263432_at AT2G22230 -0.8974 0.052 -1.1697 0.0331
254806_at AT4G12430;AT4G12432 -0.5773 0.1536 -1.1702 0.049
263410_at AT2G04039 -1.0306 0.0504 -1.1704 0.0363
258633_at AT3G07990 -1.0596 0.032 -1.1705 0.0249
261488_at AT1G14345 -0.8324 0.0603 -1.1707 0.0339
247486_at AT5G62140 -0.9753 0.041 -1.1724 0.0293
266719_at AT2G46830 -1.0111 0.036 -1.1729 0.027
263142_at AT1G65230 -0.9018 0.0466 -1.1738 0.0314
262526_at AT1G17050 -0.8399 0.0754 -1.1758 0.0421
266402_at AT2G38780 -0.8126 0.0349 -1.1773 0.0249
266805_at AT2G30010 -1.0496 0.0579 -1.1809 0.0424
258025_at AT3G19480 -1.0732 0.0666 -1.1843 0.05
253533_at AT4G31590 -1.1937 0.036 -1.1908 0.0293
249366_at AT5G40610 -0.9741 0.0519 -1.1926 0.034
245657_at AT1G56720 -1.3622 0.0325 -1.1929 0.0285
247452_at AT5G62430 -1.2962 0.0334 -1.1938 0.0286
251284_at AT3G61840 -1.0562 0.0626 -1.195 0.0451
251993_at AT3G52960 -1.0011 0.0446 -1.2009 0.032
257876_at AT3G17130 -1.4088 0.0391 -1.2013 0.0374
253305_at AT4G33666 -1.0726 0.0493 -1.2073 0.0358
255694_at AT4G00050 -0.9776 0.0583 -1.2128 0.0377
249524_at AT5G38520 -1.2341 0.0349 -1.2138 0.0288
253174_at AT4G35090 -0.7159 0.0906 -1.2144 0.0391
259970_at AT1G76570 -0.7664 0.0446 -1.2187 0.0265
260676_at AT1G19450 -0.9276 0.0464 -1.2207 0.0312
262377_at AT1G73110 -0.8537 0.0822 -1.2227 0.0434
249120_at AT5G43750 -1.2434 0.0391 -1.2283 0.033
259605_at AT1G27910 -0.9144 0.0842 -1.2338 0.0485
249090_at AT5G43745 -0.9219 0.0463 -1.2348 0.0309
264959_at AT1G77090 -1.0765 0.0312 -1.235 0.0249
256076_at AT1G18060 -0.8926 0.036 -1.2382 0.0249
246182_at AT5G20870 -0.1536 0.3992 -1.2408 0.034
253876_at AT4G27430 -1.232 0.0488 -1.2428 0.041
261196_at AT1G12860 -0.7877 0.0548 -1.2444 0.0298
249035_at AT5G44190 -0.7635 0.0434 -1.2467 0.0251
252950_at AT4G38690 -1.1966 0.0496 -1.2501 0.0395
262970_at AT1G75690 -0.9112 0.0312 -1.2506 0.0249
252876_at AT4G39970 -1.1545 0.032 -1.2535 0.0249
264313_at AT1G70410 -0.8191 0.0334 -1.2594 0.0249
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246411_at AT1G57770 -0.8929 0.0605 -1.2598 0.0339
252001_at AT3G52750 -1.2263 0.0312 -1.2631 0.0249
247563_at AT5G61130 -0.6795 0.1217 -1.2649 0.044
251727_at AT3G56290 -1.25 0.0391 -1.2672 0.0317
248491_at AT5G51010 -1.2185 0.0312 -1.2683 0.0249
255622_at AT4G01070 -0.8699 0.0532 -1.2713 0.0313
247415_at AT5G63060 -1.0578 0.0391 -1.2748 0.0284
258087_at AT3G26060 -0.9278 0.041 -1.2784 0.027
262825_at AT1G11790 -0.9516 0.0604 -1.2854 0.0355
245155_at AT5G12470 -0.8819 0.0696 -1.2879 0.0371
248537_at AT5G50100 -1.3541 0.0312 -1.2888 0.0249
262878_at AT1G64770 -0.8977 0.0312 -1.2909 0.0249
252143_at AT3G51150 -0.7536 0.084 -1.2916 0.036
249899_at AT5G22620 -1.0088 0.0496 -1.2942 0.0329
255719_at AT1G32080 -1.2799 0.0388 -1.3024 0.0314
251353_at AT3G61080 -0.9574 0.0391 -1.3029 0.0261
251725_at AT3G56260 -1.763 0.0468 -1.306 0.0589
252366_at AT3G48420 -0.9536 0.032 -1.3076 0.0249
253545_at AT4G31310 -1.2527 0.0446 -1.3077 0.0352
260685_at AT1G17650 -1.1064 0.0426 -1.3082 0.0313
258719_at AT3G09540 -1.0971 0.0421 -1.3135 0.0303
245417_at AT4G17360 -0.99 0.0609 -1.3232 0.0363
259790_s_at AT1G29430;AT5G27780 -1.317 0.0498 -1.3264 0.0418
245050_at ATCG00070 -0.1984 0.4194 -1.3309 0.0487
263664_at AT1G04250 -1.1481 0.0579 -1.3344 0.0409
246966_at AT5G24850 -1.0729 0.0579 -1.3374 0.0373
263867_at AT2G36830 -0.8652 0.0464 -1.3444 0.0275
258055_at AT3G16250 -1.2455 0.0513 -1.3446 0.0391
264978_at AT1G27120 -1.3759 0.0525 -1.346 0.0451
247037_at AT5G67070 -0.9523 0.0781 -1.3463 0.0425
255302_at AT4G04830 -1.6748 0.0391 -1.3467 0.0395
265724_at AT2G32100 -1.0333 0.0513 -1.3496 0.033
258956_at AT3G01440 -1.3008 0.0542 -1.354 0.0432
253394_at AT4G32770 -1.0716 0.0743 -1.3584 0.0461
256548_at AT3G14770 -1.3299 0.0421 -1.3641 0.0333
251157_at AT3G63140 -1.0293 0.0312 -1.3648 0.0249
246884_at AT5G26220 -1.5716 0.0325 -1.366 0.0284
261536_at AT1G01790 -0.9635 0.0336 -1.3667 0.0249
261363_at AT1G41830 -1.2095 0.0513 -1.3678 0.0371
250073_at AT5G17170 -1.1001 0.0334 -1.3684 0.0249
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250663_at AT5G07110 -1.5634 0.038 -1.3706 0.0339
263433_at AT2G22240 -1.3361 0.0446 -1.3741 0.0355
252181_at AT3G50685 -0.946 0.0549 -1.3747 0.0319
267010_at AT2G39250 -1.208 0.0479 -1.3758 0.0346
259523_at AT1G12500 -0.7891 0.0728 -1.3762 0.033
251028_at AT5G02230 -1.107 0.0725 -1.3812 0.046
256057_at AT1G07180 -0.8123 0.0606 -1.3856 0.0302
264738_at AT1G62250 -1.0844 0.0312 -1.3871 0.0249
249932_at AT5G22390 -1.49 0.036 -1.3878 0.0313
250633_at AT5G07460 -1.305 0.0425 -1.3924 0.033
266899_at AT2G34620 -1.1437 0.0442 -1.3943 0.0314
247780_at AT5G58770 -1.4329 0.0391 -1.395 0.0329
256617_at AT3G22240 -0.2566 0.3773 -1.3959 0.0477
257533_at AT3G10840 -1.4804 0.0463 -1.3995 0.0418
247600_at AT5G60890 -1.401 0.0534 -1.4005 0.0442
253039_at AT4G37760 -1.2573 0.0468 -1.403 0.0349
258386_at AT3G15520 -1.1599 0.0447 -1.4077 0.0319
255088_at AT4G09350 -1.4272 0.032 -1.4106 0.0253
260308_at AT1G70610 -1.1861 0.0549 -1.4181 0.0374
266682_at AT2G19780 -0.9785 0.0814 -1.4206 0.0429
254862_at AT4G12030 -1.2024 0.0665 -1.4256 0.0451
249774_at AT5G24150 -0.7727 0.048 -1.4264 0.0251
266832_at AT2G30040 -1.8741 0.0312 -1.4267 0.0249
257262_at AT3G21890 -0.5386 0.1856 -1.4271 0.0425
256674_at AT3G52360 -1.5731 0.0312 -1.4316 0.0251
259308_at AT3G05180 -1.3815 0.0332 -1.4344 0.0263
254496_at AT4G20070 -1.365 0.0426 -1.4352 0.0334
251141_at AT5G01075 -1.7703 0.0383 -1.4428 0.0371
258299_at AT3G23410 -0.6322 0.1062 -1.4451 0.033
254746_at AT4G12980 -1.3005 0.0325 -1.4535 0.0251
253496_at AT4G31870 -1.2755 0.0588 -1.455 0.0425
248185_at AT5G54060 -0.7634 0.1162 -1.4555 0.0418
254137_at AT4G24930 -1.2 0.0312 -1.4555 0.0249
260441_at AT1G68260 -1.4321 0.041 -1.4555 0.033
253697_at AT4G29700 -1.666 0.0468 -1.4558 0.0465
259775_at AT1G29530 -1.2829 0.0468 -1.4598 0.0341
252574_at AT3G45430 -0.9827 0.0461 -1.465 0.0284
263473_at AT2G31750 -1.1279 0.0312 -1.4695 0.0249
245399_at AT4G17340 -1.3094 0.0414 -1.4704 0.0313
259707_at AT1G77490 -1.0513 0.038 -1.4723 0.0251
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Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
252343_at AT3G48610 -0.7287 0.0804 -1.4741 0.0313
256302_at AT1G69526 -0.1909 0.3992 -1.4829 0.0355
258724_at AT3G09600 -1.1102 0.0538 -1.483 0.0331
252045_at AT3G52450 -1.4361 0.0542 -1.4843 0.0434
265572_at no_match -1.223 0.0611 -1.4919 0.0409
261308_at AT1G48480 -1.3478 0.0525 -1.4974 0.0391
252983_at AT4G37980 -1.5067 0.0459 -1.498 0.0389
263595_at AT2G01890 -1.6193 0.0312 -1.4981 0.0249
245318_at AT4G16980 -1.1616 0.0398 -1.4993 0.0275
265265_at AT2G42900 -1.4515 0.0604 -1.5013 0.0488
261223_at AT1G19950 -1.0909 0.0579 -1.5124 0.0334
247816_at AT5G58260 -1.2629 0.0312 -1.5193 0.0249
252971_at AT4G38770 -0.9985 0.0514 -1.5221 0.0293
265722_at AT2G40100 -1.0821 0.0325 -1.5226 0.0249
249769_at AT5G24120 -1.2093 0.0647 -1.5238 0.0416
264745_at AT1G62180 -1.3871 0.0349 -1.5252 0.027
262612_at AT1G14150 -1.3299 0.0312 -1.5254 0.0249
257506_at AT1G29440 -1.4882 0.0391 -1.5254 0.032
261981_at AT1G33811 -0.7749 0.131 -1.5313 0.0435
254250_at AT4G23290 -1.261 0.0478 -1.5396 0.0331
245827_at AT1G57830 -0.1656 0.4559 -1.5451 0.0432
262582_at AT1G15410 -1.2211 0.0414 -1.5492 0.0286
247760_at AT5G59130 -0.9394 0.0599 -1.5495 0.0312
264597_at AT1G04620 -1.7378 0.0426 -1.5498 0.0399
254938_at AT4G10770 -0.9518 0.0875 -1.5516 0.04
265823_at AT2G35760 -1.7501 0.0462 -1.553 0.0442
264014_at AT2G21210 -1.1188 0.0599 -1.5613 0.0339
253790_at AT4G28660 -1.3652 0.036 -1.5817 0.027
257642_at AT3G25710 -1.8503 0.0407 -1.587 0.0387
263840_at AT2G36885 -1.1668 0.0823 -1.5905 0.0463
256044_at AT1G07160 -0.6283 0.1751 -1.5971 0.0422
250337_at AT5G11790 -1.2115 0.0558 -1.5987 0.034
245574_at AT4G14750 -0.6297 0.1582 -1.6103 0.038
259346_at AT3G03910 -1.6496 0.0406 -1.6124 0.0335
256015_at AT1G19150 -1.209 0.0312 -1.6152 0.0249
261068_at AT1G07450 -1.4576 0.0552 -1.6181 0.0416
260603_at AT1G55960 -1.3436 0.0687 -1.6254 0.0456
255016_at AT4G10120 -1.1978 0.036 -1.6373 0.0251
264195_at AT1G22690 -1.5222 0.0347 -1.6418 0.027
263177_at AT1G05540 -1.4162 0.0583 -1.6419 0.0416
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248526_at AT5G50740 -1.5858 0.036 -1.6432 0.0288
251058_at AT5G01790 -1.3875 0.0414 -1.6532 0.0296
249191_at AT5G42760 -1.1945 0.0723 -1.656 0.041
256612_at AT3G29280 -1.1929 0.0331 -1.6596 0.0249
263628_at AT2G04780 -1.7332 0.0479 -1.6647 0.0425
249920_at AT5G19260 -1.7822 0.036 -1.6659 0.0313
261942_at AT1G22590 -1.8925 0.0312 -1.6726 0.0249
251720_at AT3G56160 -0.2483 0.413 -1.6763 0.0457
245254_at AT4G14680 -1.5449 0.0312 -1.6769 0.0249
265230_s_at ATMG00480;AT2G07707 -0.1001 0.5137 -1.6773 0.0447
247541_at AT5G61660 -1.1918 0.0646 -1.6775 0.0359
263386_at AT2G40150 -1.2388 0.0753 -1.6851 0.0431
267057_at AT2G32500 -1.3116 0.0334 -1.7085 0.0249
248028_at AT5G55620 -1.7073 0.0406 -1.7233 0.033
267038_at AT2G38480 -1.9452 0.0312 -1.7331 0.0249
257666_at AT3G20270 -1.2914 0.0474 -1.7353 0.0313
254145_at AT4G24700 -1.2275 0.0446 -1.7517 0.0284
250453_at AT5G10620 -1.2185 0.0792 -1.7528 0.0424
261717_at AT1G18400 -0.9533 0.0488 -1.7799 0.0251
253423_at AT4G32280 -1.5241 0.0609 -1.7831 0.0425
257254_at AT3G21950 -1.4323 0.032 -1.7848 0.0249
248910_at AT5G45820 -1.6281 0.0312 -1.7996 0.0249
254609_at AT4G18970 -1.9686 0.0406 -1.8062 0.0355
251142_at AT5G01015 -1.5642 0.0312 -1.8162 0.0249
263765_at AT2G21540 -1.457 0.0778 -1.8196 0.0494
249325_at AT5G40850 -1.8908 0.0553 -1.8361 0.0486
246854_at AT5G26200 -1.8158 0.032 -1.8407 0.0251
251586_at AT3G58070 -1.2245 0.0781 -1.8582 0.0392
246181_at AT5G20860 1.056 0.1229 -1.8627 0.0479
251865_at AT3G54930 -0.3445 0.2006 -1.8778 0.0251
261825_at AT1G11545 -1.6617 0.0646 -1.8823 0.0465
247417_at AT5G63040 -0.9688 0.0507 -1.883 0.0251
254343_at AT4G21990 -1.7578 0.0312 -1.8878 0.0249
263796_at AT2G24540 -1.7509 0.0426 -1.9012 0.033
254075_at AT4G25470 -1.9962 0.0426 -1.9238 0.0363
263951_at AT2G35960 -1.6616 0.0312 -1.9316 0.0249
261793_at AT1G16080 -1.5512 0.0391 -1.9626 0.0275
251920_at AT3G53900 -1.7895 0.0391 -1.9686 0.0302
250327_at AT5G12050 -1.942 0.0312 -1.9702 0.0249
251722_at AT3G56200 -1.4849 0.0821 -1.9725 0.0481
111 
Supplemental Table 3. (Continued)
Probeset Locus
polyRNA 
(TuMV vs 
mock) est
polyRNA 
(TuMV vs 
mock) q-
value
totalRNA 
(TuMV vs 
mock) est
totalRNA 
(TuMV vs 
mock) q-
value
263942_at AT2G35860 -1.5042 0.0429 -1.9752 0.0291
264931_at AT1G60590 -1.9907 0.0525 -1.9794 0.0442
252858_at AT4G39770 -1.3508 0.0463 -1.9963 0.0285
255604_at AT4G01080 -1.3744 0.0715 -1.9976 0.0377
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Probeset Locus TuMV poly/total 
est
TuMV poly/total 
q-value
mock poly/total 
est
mock poly/total q-
value
264039_at AT2G03740 -1.8051 0.0553 2.033 0.0358
266894_at AT2G26050 -3.0938 0.0238 0.7407 0.1779
256716_at AT2G34100 2.9116 0.0398 -0.8602 0.2097
257521_at AT3G09140 -1.0181 0.2318 2.7388 0.045
266558_at AT2G23900 0.2647 0.2202 -3.4606 0.0054
266011_at AT2G37440 -3.0701 0.0251 0.5948 0.2314
265526_x_at AT2G06160 -0.673 0.3316 2.9828 0.0435
247663_at AT5G60110 2.8551 0.018 -0.7619 0.1101
260032_at AT1G68750 0.4398 0.3836 -3.112 0.0331
260230_at AT1G74500 -2.7065 0.0378 0.7595 0.2142
255747_s_at AT1G32010;AT5G
38190
0.9177 0.2118 -2.4686 0.0384
247691_at AT5G59720 0.1198 0.4696 3.4946 0.0154
266940_at AT2G18970 2.6193 0.0148 -0.7501 0.0691
257526_s_at AT3G09330;AT3G
09340
-2.9841 0.0398 0.3797 0.3598
260869_at AT1G43800 2.3396 0.0406 -1.0133 0.1355
256095_at AT1G13630 -2.8541 0.0407 0.4324 0.3379
265925_at AT2G18610 -0.2311 0.4432 2.9867 0.0301
267253_at AT2G22960 -0.1328 0.4711 3.0294 0.0235
253170_at AT4G35130 -2.9227 0.0488 0.1721 0.4346
262815_at AT1G11610 2.8221 0.0358 -0.2581 0.3894
246573_at AT1G31690 0.301 0.4292 -2.7661 0.0427
265877_at AT2G42380 -2.239 0.0299 0.8168 0.1286
257458_at AT2G05400 3.3661 0.0206 0.3119 0.3388
259814_at AT1G49900 0.3404 0.4062 -2.6798 0.0377
266397_at AT2G38690 0.6719 0.2838 -2.3451 0.0434
251364_at AT3G61300 2.5007 0.0218 -0.5049 0.2001
250760_at AT5G06040 -2.6301 0.039 0.3683 0.3449
247462_at AT5G62080 0.3142 0.3536 -2.672 0.0174
267480_at AT2G02830 0.7177 0.2661 -2.2509 0.0448
252304_at AT3G49230 0.5087 0.355 -2.4119 0.0489
254330_at AT4G22700 1.889 0.0486 -1.0035 0.1167
253152_at AT4G35690 0.4701 0.2854 3.3393 0.0137
265020_at AT1G24540 0.717 0.2335 -2.1127 0.0388
256875_at AT3G26330 -2.9 0.0126 -0.1043 0.3858
257570_at AT3G13662 -2.248 0.0329 0.5455 0.2243
263011_at AT1G23250 -3.0923 0.0126 -0.3498 0.1913
247568_at AT5G61260 0.6053 0.2997 -2.1255 0.0491
266531_at AT2G16835 1.0392 0.091 -1.6767 0.0316
253419_at AT4G32780 0.254 0.4536 2.966 0.0473
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254411_at AT4G21420 -0.3031 0.4077 2.3902 0.0385
259435_at AT1G01450 -0.4308 0.3829 -3.0986 0.0318
260978_at AT1G53540 -0.2829 0.3397 2.3847 0.0157
246664_at AT5G34800 -3.505 0.0126 -0.8596 0.0611
254379_at AT4G21820 -2.1723 0.0489 0.4664 0.297
260659_s_at AT1G19470;AT1G
19460
-0.6003 0.2784 2.014 0.0442
247742_at AT5G58980 -1.8249 0.097 -4.4185 0.0171
250455_at AT5G09980 -0.2138 0.4422 2.3699 0.0392
255971_at AT3G29510 2.8367 0.0475 0.2691 0.4022
261091_at AT1G07550 1.5869 0.0388 -0.9804 0.0737
250521_at AT5G08490 0.1743 0.4299 -2.3861 0.0214
259809_at AT1G49800 1.9977 0.0242 -0.5511 0.1511
266488_at AT2G47670 2.6429 0.0347 0.1132 0.44
261282_at AT1G35750 2.9021 0.0348 0.3769 0.3452
252301_at AT3G49162 0.4373 0.3637 2.9542 0.0282
255390_at AT4G03660 -1.2454 0.1088 -3.7576 0.0139
259810_at AT1G49810 1.6081 0.0386 -0.8882 0.0887
257498_at AT1G69660 -1.968 0.0341 0.5203 0.2124
245829_at AT1G57780 2.8362 0.0469 0.3492 0.3748
265497_at AT2G15720 -0.1977 0.4413 2.2824 0.0355
246814_at AT5G27200 2.7067 0.0472 0.2343 0.4091
257185_at AT3G13100 -0.6042 0.3367 -3.0684 0.0358
256355_at AT1G55040 -2.1579 0.0494 0.2968 0.3657
263271_s_at AT5G28970;AT5G
36030;AT4G1931
0;AT2G11480;AT1
G35110
-2.8 0.0158 -0.3605 0.2252
262662_at AT1G13920 0.4652 0.3819 2.9034 0.0408
249913_at AT5G22810 0.6553 0.235 -1.782 0.0453
256668_at AT3G32190 2.9177 0.0292 0.4839 0.2841
267250_at AT2G23060 0.1597 0.4568 -2.2668 0.0361
246771_at no_match 0.1087 0.4812 -2.308 0.041
256338_at AT1G72100 2.9732 0.0362 0.5626 0.2874
264892_at AT1G23160 0.8198 0.286 3.2292 0.0353
263502_s_at ATMG00980;AT2
G07675
-1.5597 0.1887 -3.9533 0.0357
265304_at AT2G20350 -0.7649 0.2778 -3.1537 0.0302
264163_at AT1G65445 -2.6007 0.0283 -0.2138 0.3835
264258_at AT1G09220 -0.03085 0.5084 2.3497 0.0461
261390_at AT1G35040 0.02193 0.5083 -2.3514 0.0237
248723_at AT5G47950 1.9039 0.0475 -0.4647 0.2703
256845_x_at AT3G31970;AT1G
42605
-2.2836 0.0375 0.08188 0.449
245406_at AT4G17160 -1.7764 0.0482 0.5703 0.2158
263969_at no_match -0.2911 0.4093 2.0491 0.0487
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263087_s_at AT2G16130;AT2G
16120
0.9921 0.0506 -1.337 0.0235
262445_at AT1G47485 -2.8424 0.0334 -0.5367 0.2775
252314_at AT3G49400 -0.3593 0.2901 -2.6649 0.0133
252770_at AT3G42860 0.3211 0.2974 2.6128 0.0124
258695_at AT3G09640 0.09026 0.4913 2.3643 0.0481
262395_at AT1G49540 -0.3639 0.1227 -2.6357 0.0058
258525_at AT3G06810 -2.9277 0.039 -0.6723 0.2598
248317_at AT5G52680 1.3527 0.1928 3.606 0.0334
260040_at AT1G68765 -0.2714 0.3628 1.9718 0.0244
251377_at AT3G60650 -0.07053 0.4847 -2.304 0.0221
245519_at AT4G15860 -0.508 0.2714 -2.7327 0.0184
248086_at AT5G55490 -0.09329 0.472 2.1205 0.0243
255289_at AT4G04690 1.5891 0.0421 -0.6066 0.1643
249203_at AT5G42590 -2.4175 0.0339 -0.2233 0.3848
246563_at AT5G15581 0.2857 0.3844 -1.8814 0.0383
249648_at AT5G37050 0.6204 0.3131 2.7787 0.0357
257740_at AT3G27330 2.4132 0.0284 0.2573 0.3529
248318_at AT5G52690 -0.2785 0.4179 -2.4143 0.0386
261947_at AT1G64470 -3.2073 0.0287 -1.0729 0.1392
247253_at AT5G64790 -0.433 0.212 -2.5667 0.0112
252382_at AT3G47770 -0.06147 0.4975 -2.1905 0.0432
252948_at AT4G38600 -3.6439 0.0254 -1.5149 0.0878
255097_at no_match -0.5598 0.087 -2.6762 0.007
250153_at AT5G15130 -0.7089 0.2244 -2.8226 0.0213
252577_at AT3G45460 0.5285 0.134 -1.5838 0.0171
264819_at AT1G03510 0.4729 0.2602 -1.6329 0.0361
245378_at AT4G17710 -0.3365 0.3992 -2.4246 0.0394
248567_at AT5G49750 0.7787 0.1069 -1.3071 0.0353
258530_at AT3G06840 -1.7313 0.0452 0.3391 0.306
251160_at AT3G63240 -2.1911 0.0472 -0.1317 0.4327
266594_at AT2G46190 -1.9705 0.0147 0.08635 0.3844
249449_at AT5G39430 -3.4334 0.0348 -1.4042 0.1274
260344_at AT1G69240 2.0819 0.0447 0.06553 0.4568
264269_at AT1G60240 0.9712 0.1602 2.9842 0.0204
251067_at AT5G01910 0.4658 0.3295 2.4673 0.0306
248038_at AT5G55980 0.6496 0.165 -1.3422 0.0422
260452_at AT1G72350 -0.05553 0.4965 -2.0446 0.0375
254212_at AT4G23580 -2.3499 0.0354 -0.3668 0.3188
255703_at AT4G00040 -2.8252 0.0628 -4.7933 0.0201
259465_at AT1G19030 0.2321 0.4055 -1.7318 0.041
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est
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250882_at AT5G04000 0.7162 0.23 2.6794 0.0244
257099_s_at AT3G24982;AT3G
25020
-2.4866 0.012 -0.5279 0.0665
261848_at AT1G11590 -1.7631 0.0241 0.1899 0.3328
263492_at AT2G42560 -2.3523 0.0273 -0.4133 0.2633
245204_at AT5G12270 0.4264 0.2492 -1.51 0.0314
248706_at AT5G48530 -0.4752 0.3564 -2.4108 0.0437
255145_at no_match 0.5558 0.1521 -1.3791 0.027
245813_at AT1G49920 0.3423 0.2401 -1.5844 0.0188
257415_at AT1G70040 1.1143 0.072 3.0365 0.0116
260612_at AT1G53360 -0.3327 0.356 1.5889 0.0487
249058_at AT5G44510 -1.5211 0.1214 -3.4405 0.0238
259820_at AT1G66210 -0.2502 0.3901 1.663 0.0403
267053_s_at AT2G38380;AT2G
38390
0.4031 0.3552 2.2975 0.0351
265007_s_at AT1G61563;AT1G
61566
-1.3144 0.165 -3.2048 0.0311
264877_at AT2G17330 0.5221 0.2033 -1.3667 0.0376
266475_at AT2G31100 1.3497 0.0257 -0.5081 0.1039
252530_at AT3G46500 -1.9997 0.0292 -0.1482 0.396
257929_at AT3G16980 -1.425 0.0491 0.4261 0.2335
246786_at AT5G27410 -2.8893 0.0252 -1.0448 0.1084
247349_at AT5G63820 0.17 0.4045 -1.6683 0.0244
254888_at AT4G11780 0.1905 0.4359 2.0252 0.0372
261169_at AT1G04920 0.1835 0.2831 -1.651 0.01
258035_at AT3G21180 -0.7732 0.2274 -2.6036 0.0288
264214_s_at AT1G65330;AT1G
65300
0.5778 0.3211 2.4058 0.044
264943_at AT1G76910 -0.1706 0.4396 1.6526 0.0471
245158_at AT2G33130 0.874 0.0708 2.6898 0.0097
265588_at AT2G19970 -0.1911 0.428 1.6195 0.0485
266039_s_at AT2G07739;ATM
G00370
-2.886 0.0398 -1.086 0.16
248018_at AT5G56470 0.6384 0.2864 2.4359 0.0376
257850_at AT3G13065 -3.7945 0.0287 -1.9971 0.0679
249520_at AT5G38670 2.534 0.0354 0.7378 0.197
260750_at AT1G49100 0.2167 0.407 -1.5776 0.0439
266364_at AT2G41230 1.9578 0.0464 0.1685 0.4089
249274_at AT5G41860 1.4966 0.1735 3.2814 0.0407
251293_at AT3G61930 0.2466 0.4243 2.0128 0.0485
246407_at AT1G57670 1.3052 0.0931 3.0678 0.0172
254524_at AT4G20000 0.822 0.1335 2.5789 0.0158
257670_at AT3G20340 0.4478 0.3555 2.2013 0.0459
250351_at AT5G12030 -0.1858 0.3717 1.5646 0.0212
266886_at AT2G44745 0.3365 0.2691 2.0859 0.0148
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Probeset Locus TuMV poly/total 
est
TuMV poly/total 
q-value
mock poly/total 
est
mock poly/total q-
value
266068_at AT2G18640 -0.428 0.3596 -2.1739 0.045
261745_at AT1G08500 -0.2052 0.3233 1.5392 0.0164
252639_at AT3G44550 -0.1257 0.4295 -1.869 0.0188
255306_at AT4G04740 -3.1081 0.0301 -1.3743 0.0971
261142_at AT1G19780 0.7128 0.251 2.4414 0.0338
248123_at AT5G54720 -2.7056 0.039 -0.9792 0.1652
259206_at AT3G09040 -0.5171 0.3367 -2.2387 0.0479
248727_at AT5G47990 0.5185 0.156 -1.1991 0.0317
248525_s_at AT5G50610;AT5G
50710
-1.7402 0.0488 -0.03297 0.469
264768_at AT1G61410 2.0129 0.0336 0.3064 0.3163
264829_at no_match -1.2159 0.1543 -2.918 0.0292
248708_at AT5G48560 0.01974 0.5085 -1.6753 0.039
260450_at AT1G72390 -1.2048 0.2071 -2.8963 0.0451
244974_at ATCG00700 -4.6604 0.0303 -2.9758 0.051
259753_at AT1G71050 0.6528 0.114 -1.0315 0.0425
263340_at AT2G05020 -1.8775 0.0418 -0.1948 0.3866
256325_at AT3G02330 -0.9582 0.2159 -2.6369 0.0381
249697_at AT5G35510 -2.1783 0.0993 -3.8519 0.0294
246720_at AT5G28950 2.9874 0.0295 1.3201 0.0946
258290_at AT3G23460 -0.1888 0.4161 1.473 0.0451
257994_at AT3G19920 -2.3164 0.0479 -0.6566 0.2416
254374_at AT4G21780 0.6612 0.1632 2.3178 0.0169
245082_at AT2G23270 0.6663 0.1788 2.3229 0.0191
263395_at AT2G20510 0.8446 0.1852 2.498 0.0259
247749_at AT5G58850 0.1525 0.4369 1.8031 0.031
254059_at AT4G25200 -0.2011 0.3331 1.4327 0.0194
263520_at AT2G42640 -1.6072 0.0677 -3.2169 0.0165
262905_at AT1G59730 0.6523 0.0974 -0.954 0.0408
258543_at AT3G06870 0.3715 0.2775 -1.2307 0.0449
262617_at AT1G06590 -1.0611 0.1978 -2.6588 0.0391
250196_at AT5G14580 -0.2633 0.3958 -1.8599 0.0388
259387_at AT1G13370 0.344 0.2968 1.9335 0.0208
257886_at AT3G17060 0.1733 0.3832 -1.4112 0.0256
265428_at AT2G20720 -0.8203 0.2304 -2.3955 0.0386
255771_at AT1G18550 0.3724 0.344 1.947 0.0364
264065_at AT2G27900 -2.5917 0.0229 -1.0176 0.0839
255186_at AT4G07750 0.3361 0.2295 1.9089 0.0133
261275_at AT1G26700 1.1115 0.0309 -0.4606 0.1101
260113_at AT1G63300 -0.4743 0.185 1.0976 0.0405
257507_at AT1G29600 -1.2219 0.1738 -2.7934 0.0377
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est
mock poly/total q-
value
249635_at AT5G36870 -0.1641 0.4021 -1.7304 0.0212
265605_at AT2G25540 1.3629 0.0441 -0.1894 0.3558
247516_at AT5G61750 0.6278 0.1459 2.1734 0.0151
260204_at AT1G52900 0.2932 0.3606 1.8369 0.0312
250658_at AT5G07040 -1.2917 0.0443 0.2443 0.3099
256760_at AT3G25650 1.6167 0.0658 3.1524 0.0168
249629_at AT5G37590 -0.1486 0.409 -1.684 0.0209
251865_at AT3G54930 0.6863 0.0524 -0.847 0.0285
264377_at AT2G25060 0.03278 0.5038 1.5659 0.0474
265038_at AT1G03920 -0.7505 0.0581 0.7814 0.0435
248939_at AT5G45790 -2.5758 0.0193 -1.049 0.06
257462_at AT1G65740 -1.512 0.0498 0.00945 0.4783
266697_at AT2G19770 0.4835 0.1868 -1.0368 0.0475
262128_at AT1G52690 0.3144 0.3377 1.8344 0.0279
249016_at AT5G44750 -1.8276 0.0617 -3.3428 0.0174
253658_at AT4G30120 -3.0103 0.0488 -1.5004 0.1286
250997_at AT5G02570 0.7327 0.2516 2.2426 0.0419
246342_at AT3G56700 -0.7008 0.1977 -2.209 0.0257
257899_at AT3G28345 -2.6641 0.0962 -4.1687 0.0356
246297_at AT3G51760 -0.2442 0.3862 -1.747 0.0334
245728_at AT1G73340 2.0674 0.0289 0.5694 0.1791
249448_at AT5G39420 2.279 0.0423 0.7831 0.1868
261680_at AT1G47350 0.08603 0.4591 -1.4078 0.0296
258707_at AT3G09480 0.6772 0.2111 2.1695 0.0277
255373_s_at AT4G04130;AT5G
34810
-0.7335 0.0754 -2.2245 0.0105
254441_at AT4G21050 0.4485 0.3181 1.9124 0.041
261123_at AT1G62860 -1.1102 0.1851 -2.5558 0.0409
259251_at AT3G07600 1.5131 0.0303 0.0712 0.431
266321_at AT2G46660 0.919 0.041 -0.5212 0.0908
256901_at AT3G30800 0.784 0.2216 2.2206 0.0379
249152_s_at AT5G43350;AT5G
43370
1.3216 0.0454 -0.1142 0.4075
244921_s_at ATMG01000 -0.8613 0.1653 -2.2948 0.0267
267117_at AT2G32560 -0.5117 0.142 0.9205 0.044
251720_at AT3G56160 -0.2858 0.3268 -1.7139 0.0239
249729_at AT5G24410 -0.06855 0.4804 -1.4954 0.0376
253155_at AT4G35720 -1.3315 0.0663 -2.7518 0.0154
251576_at AT3G58200 0.2181 0.3733 1.6348 0.0263
265221_s_at AT2G02000;AT2G
02010
0.4653 0.3126 1.8777 0.0429
264559_at AT1G09610 -0.1766 0.4012 -1.5878 0.0271
250369_at AT5G11300 -0.4944 0.3181 -1.9013 0.0495
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266010_at AT2G37430 2.8228 0.0398 1.4213 0.1058
250135_at AT5G15360 1.8469 0.013 0.4458 0.0681
255232_at AT4G05330 -1.5757 0.0219 -0.1766 0.3159
254756_at no_match 0.04132 0.4907 1.4374 0.0274
258725_at AT3G09620 0.8103 0.2237 2.2043 0.0414
259250_at AT3G07580 0.3344 0.3408 1.7271 0.0361
254509_at AT4G20200 -0.8466 0.0541 -2.2378 0.0096
257997_at no_match -0.6972 0.2505 -2.0858 0.0434
253960_at no_match -1.9266 0.1223 -3.3003 0.0399
247230_at AT5G65170 0.7646 0.1386 2.1347 0.02
258420_at AT3G16680 0.27 0.3231 -1.0891 0.0478
257884_at AT3G16960 -1.0569 0.149 -2.4151 0.0304
266290_at AT2G29490 0.1938 0.4084 1.5506 0.038
263563_at AT2G15410 -0.63 0.0686 0.7262 0.0432
258064_at AT3G14680 -0.2995 0.3668 -1.6481 0.0427
250572_at AT5G08210 -1.971 0.1042 -3.3145 0.0339
267201_at AT2G31010 -0.7212 0.2202 -2.0641 0.0367
260247_at no_match -0.02876 0.4971 -1.3683 0.0246
244999_at ATCG00190 -1.1405 0.1244 -2.4748 0.0265
257142_at AT3G20090 -2.0492 0.0449 -0.7217 0.188
265518_at AT2G06040 -1.1326 0.1823 -2.4594 0.0443
248519_at AT5G50590;AT5G
50690
-2.1481 0.0472 -0.8222 0.1765
253659_at AT4G30150 -0.5742 0.2478 -1.8958 0.0355
254823_at AT4G12580 1.1315 0.1474 2.4504 0.0331
248231_at AT5G53770 -1.1245 0.186 -2.442 0.0459
265127_at AT1G55560 -2.5171 0.0479 -1.2051 0.134
261305_at AT1G48470 0.4627 0.074 -0.8338 0.0212
253025_at AT4G38120 -0.6758 0.2401 -1.9688 0.0417
245095_at AT2G40860 -2.847 0.0487 -1.558 0.1116
251424_at AT3G60560 -1.3024 0.0159 -0.0186 0.4566
251401_at AT3G60270 2.5931 0.0338 1.3096 0.0892
246001_at AT5G20790 1.1601 0.186 2.442 0.0487
247035_at AT5G67110 0.1207 0.4243 -1.1548 0.0364
252288_at AT3G49080 -0.6639 0.1388 -1.9334 0.0186
260528_at AT2G47260 -0.03977 0.4399 -1.2971 0.0079
251103_at AT5G01700 -0.4676 0.2971 -1.7235 0.0439
254840_at AT4G11930 -1.3028 0.1373 -2.5541 0.0362
260684_at AT1G17590 -0.2357 0.3867 -1.4849 0.0425
265557_at AT2G05640 0.1501 0.183 -1.0964 0.0078
267571_at AT2G30650 -0.8321 0.1076 -2.0744 0.0181
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TuMV poly/total 
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mock poly/total 
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value
254245_at AT4G23240 0.3774 0.0688 -0.8611 0.014
265238_s_at ATMG01270;AT2
G07696
-2.3119 0.031 -1.0754 0.0921
263635_at no_match -0.2055 0.4079 -1.4406 0.048
250331_at AT5G11820 2.7348 0.0465 1.507 0.1061
257935_at AT3G25440 -1.9725 0.0491 -0.7454 0.184
245623_s_at AT4G14096;AT4G
14103
-1.3594 0.0205 -0.136 0.3243
253611_at AT4G30300 -1.2918 0.1718 -2.5131 0.05
257905_at no_match -0.7833 0.0475 0.4314 0.1082
253788_at AT4G28680 0.0339 0.4919 -1.1777 0.0298
258397_at AT3G15357 0.755 0.1977 1.962 0.0366
254541_at AT4G19780 0.5716 0.2267 1.7773 0.0332
263530_at no_match 1.6916 0.0278 0.4886 0.1644
250631_at AT5G07430 -2.1637 0.0469 -0.9633 0.1456
AFFX-PheX-5_at no_match 0.04951 0.4873 1.2497 0.0408
261100_at AT1G63020 -1.3441 0.0331 -0.148 0.3624
266243_at AT2G27750 -2.9012 0.028 -1.714 0.0534
266909_at AT2G46020 -1.4535 0.0183 -0.285 0.1715
260135_at AT1G66400 -0.1581 0.3907 1.0103 0.0436
245668_at AT1G28330 -0.1074 0.3982 1.0527 0.0223
254290_at AT4G23000 -1.1818 0.0417 -0.02191 0.4678
254344_at AT4G22110 0.3082 0.2467 -0.8502 0.0487
259784_at AT1G29450 -0.01066 0.5099 1.1466 0.0351
248416_at AT5G51630 -0.291 0.3437 -1.4438 0.0399
266987_at AT2G39280 -3.2501 0.0388 -2.099 0.0679
251928_at AT3G53980 1.0312 0.1398 2.1718 0.0324
252539_at AT3G45730 0.4717 0.1558 1.612 0.0166
256617_at AT3G22240 1.4083 0.0339 0.269 0.2775
253881_at AT4G27640 -2.8428 0.0417 -1.7181 0.0831
249144_at AT5G43270 -0.5041 0.087 -1.6269 0.0107
265311_at AT2G20250 -0.2866 0.3061 -1.4088 0.028
266415_at AT2G38530 0.5034 0.1504 1.6248 0.0174
255744_at AT1G32040 -1.843 0.0392 -0.7245 0.1493
265523_at AT2G06190 -0.2412 0.1885 -1.3554 0.0105
256178_s_at AT1G51760;AT1G
51780
1.6633 0.0188 0.5536 0.0829
245833_at AT1G42220 0.7942 0.0363 -0.311 0.1408
248692_s_at AT4G15070;AT5G
48320
-0.8316 0.0332 0.2728 0.1634
259965_at AT1G53670 1.6393 0.0235 0.5387 0.1153
258303_at AT3G30620 1.6315 0.0442 0.5327 0.2018
261906_at AT1G65080 0.2163 0.3199 -0.8764 0.0457
265971_at AT2G11220 -2.1054 0.1186 -3.1938 0.0482
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246182_at AT5G20870 1.212 0.0237 0.1247 0.3386
245191_at AT1G67770 -1.2497 0.0504 -2.3358 0.0145
248154_at AT5G54400 -0.09215 0.4523 -1.1758 0.0386
264062_at AT2G27950 -0.9171 0.0681 -1.9942 0.0148
249488_at AT5G39070 -1.2283 0.0346 -0.1579 0.3462
246514_at AT5G15700 -1.395 0.051 -2.465 0.0156
263561_at AT2G15360 0.1565 0.3969 1.2222 0.0328
266852_at AT2G26810 0.06952 0.4336 -0.9956 0.0211
254939_at AT4G10800 -0.9897 0.0256 0.07472 0.3849
245976_at AT5G13080 0.6318 0.1056 1.6926 0.0158
264459_at AT1G10160 0.129 0.3566 -0.9309 0.0232
262551_at no_match 0.5845 0.1001 1.6353 0.0145
255682_at AT4G00560 -2.5402 0.0343 -1.4939 0.0701
264181_at AT1G65350 1.0198 0.0471 -0.02482 0.4638
248218_at AT5G53710 0.2291 0.2523 1.2733 0.0154
258626_at AT3G04450 -1.1921 0.1101 -2.2306 0.0298
248284_at AT5G52975 1.1982 0.0421 0.1618 0.3565
260043_at AT1G41770 -0.9259 0.0314 0.1102 0.3471
246877_at AT5G26150 0.4022 0.0666 -0.6322 0.0237
262554_at AT1G31380 0.8786 0.1361 1.9129 0.0295
255687_at no_match -1.5374 0.0784 -2.5666 0.0253
252236_at AT3G49930 0.4669 0.0791 -0.5618 0.0466
259369_s_at AT3G43890;AT1G
69150
-1.8077 0.0411 -0.7792 0.1374
250869_at AT5G03840 0.4959 0.14 1.5244 0.0172
246356_x_at AT1G40150 -0.1712 0.3298 -1.197 0.0195
267461_at AT2G33830 0.3973 0.2157 1.4229 0.0235
263981_at AT2G42870 0.08352 0.4218 1.107 0.02
258506_at AT3G06520 -1.1587 0.0455 -0.1412 0.3742
251026_at AT5G02200 0.3284 0.1722 -0.6886 0.0436
253491_at AT4G31770 0.07806 0.4035 -0.9379 0.0175
249768_at AT5G24100 -0.7242 0.0466 0.2897 0.1662
264433_at AT1G61810 -0.7036 0.0248 0.3089 0.0767
256003_at AT3G31430 -0.6316 0.2204 -1.6426 0.0437
255538_at AT4G01680 1.1108 0.0455 0.1013 0.4033
257781_at AT3G27120 -0.6582 0.2142 -1.666 0.0436
253432_at AT4G32450 -0.864 0.0423 0.1431 0.3273
254189_at AT4G24000 -1.8813 0.0211 -0.8761 0.0564
261953_at AT1G64440 -1.4433 0.016 -0.4407 0.076
255028_at AT4G09890 0.5195 0.1868 1.5215 0.0269
265670_s_at AT2G32190;AT2G
32210
0.9952 0.0921 1.9939 0.022
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256218_at AT1G56270 -0.01589 0.5063 -1.0119 0.0408
245537_at no_match -2.2959 0.0341 -1.3017 0.0744
267103_at AT2G41490 -0.1262 0.3584 -1.1175 0.0171
267644_s_at AT2G32880;AT2G
32870
-0.7766 0.0187 0.21 0.1122
262807_at AT1G11740 0.87 0.1837 1.8559 0.0465
264227_at AT1G67500 -0.6885 0.0681 -1.6738 0.0129
250039_at AT5G18370 -0.3791 0.204 -1.3582 0.0217
252523_at AT3G46400 2.7743 0.0452 1.7954 0.0799
257336_at ATMG01410 -0.1538 0.3863 -1.1325 0.0317
265960_at AT2G37470 0.2325 0.2352 1.2105 0.0152
252455_at AT3G47140 1.1499 0.1074 2.126 0.0296
267349_at AT2G40010 -1.7293 0.1093 -2.7025 0.0412
260663_at AT1G19520 0.3329 0.1651 -0.6356 0.0489
265694_at AT2G24440 -0.00925 0.5102 0.9583 0.0405
254773_at AT4G13410 -0.2685 0.3353 -1.2312 0.0423
255819_s_at AT2G40590;AT2G
40510
-0.1772 0.2346 0.7819 0.0196
256975_at AT3G21000 -0.6131 0.2319 -1.5703 0.0496
263268_at no_match -1.8369 0.1123 -2.7922 0.0445
266799_at AT2G22860 0.9996 0.0582 1.9521 0.0151
244902_at ATMG00650 -2.5767 0.0887 -3.528 0.0415
247315_at AT5G64010 -0.2601 0.2239 0.689 0.0436
260272_at AT1G80570 0.03356 0.4884 -0.9155 0.0374
252937_at AT4G39180 0.3443 0.1777 1.2908 0.0168
253628_at AT4G30280 1.5662 0.0358 0.6204 0.1369
267279_at AT2G19460 -0.2348 0.1582 0.7109 0.0205
245488_at AT4G16270 -0.793 0.0244 0.1488 0.2323
258259_s_at AT3G26820;AT3G
26840
-1.011 0.0187 -0.07111 0.3615
250497_at AT5G09630 -0.279 0.198 0.6603 0.0435
254946_at AT4G10950 -0.6775 0.0358 0.2573 0.1452
248100_at AT5G55180 1.2087 0.0184 0.2748 0.1424
264093_at AT1G79220 -0.34 0.3008 -1.2727 0.044
252938_at AT4G39190 -0.1894 0.1782 0.7373 0.0158
245023_at ATCG00080 -0.3012 0.1439 -1.2277 0.0122
263439_at AT2G28650 -0.04709 0.4765 -0.9698 0.0345
263006_at AT1G54240 -0.1678 0.3934 -1.0905 0.0438
258939_at AT3G10020 0.3212 0.1936 1.2422 0.0179
246014_at AT5G10680 -0.6291 0.0365 0.2903 0.1114
249821_at AT5G23690 -0.3531 0.2224 -1.2687 0.0246
251196_at AT3G62950 0.3033 0.2789 1.2182 0.0321
264600_at AT1G04730 0.2293 0.2275 -0.685 0.0362
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247417_at AT5G63040 0.06137 0.4452 -0.8528 0.0278
256904_at AT3G23980 -1.0511 0.0171 -0.1395 0.2423
247718_at AT5G59310 0.3053 0.2688 1.2151 0.0297
253737_at AT4G28703 0.7507 0.16 1.6584 0.036
266843_at AT2G26135 -0.827 0.0423 0.07697 0.3978
246956_at AT5G04890 0.248 0.2811 1.1502 0.0251
265184_at AT1G23710 0.1841 0.1654 1.0846 0.0089
262625_at AT1G06440 -0.5838 0.2162 -1.483 0.044
258701_at AT3G09720 0.04421 0.4784 -0.853 0.0422
259458_at AT1G44085 -0.04771 0.472 -0.9424 0.0314
263659_at no_match -0.7642 0.1156 -1.6574 0.0241
260560_at AT2G43590 0.1243 0.4193 1.0169 0.0438
262136_at AT1G77850 0.1649 0.3013 -0.7267 0.0328
246311_at AT3G51880 0.02147 0.4775 0.9084 0.0119
265764_at AT2G48050 -1.4291 0.0564 -2.3158 0.0196
248395_at AT5G52120 -0.685 0.0172 0.2006 0.0904
256293_at AT1G69440 -0.66 0.1991 -1.5435 0.0445
245462_at AT4G17020 -1.5145 0.0319 -0.6345 0.1112
256672_at AT3G52310 -1.5636 0.0797 -2.4425 0.029
258962_at AT3G10570 -1.6107 0.046 -0.7329 0.1392
245209_at AT5G12340 0.3988 0.2699 1.2757 0.0447
249805_at AT5G23800 -0.3202 0.2309 -1.1966 0.0246
266907_at no_match 0.01856 0.4805 -0.8569 0.0118
253793_at AT4G28710 -0.8247 0.0284 0.04986 0.4117
259843_at AT1G73570 -0.447 0.1745 -1.3207 0.0238
259952_at AT1G71400 -0.02354 0.4996 -0.8932 0.0457
260754_at AT1G49000 0.802 0.0879 1.6693 0.02
258225_at AT3G15630 0.4687 0.1579 1.3341 0.0223
266755_at AT2G47150 -1.6769 0.0287 -0.8136 0.0786
265400_at AT2G10940 0.6813 0.0488 -0.1819 0.2563
247103_at AT5G66610 -0.7395 0.0956 -1.5974 0.0203
255419_at AT4G03230 -0.7745 0.1335 -1.632 0.0304
258112_at AT3G14640 0.3752 0.0666 -0.4814 0.0341
248779_at AT5G47720 1.0502 0.0342 0.1968 0.2826
262344_at AT1G64060 -0.01661 0.5019 -0.8695 0.0315
251964_at AT3G53370 0.07606 0.3883 0.9275 0.0147
255650_s_at AT5G37190;AT4G
00930
-0.8208 0.0369 0.02956 0.4485
265178_at AT1G23540 0.5113 0.2356 1.3611 0.0478
262918_at AT1G65000 0.5848 0.1056 1.4342 0.0182
252589_s_at AT3G45660;AT3G
45650
-1.2073 0.0282 -0.3591 0.1603
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q-value
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est
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248851_s_at AT5G46260;AT5G
46490
-1.6994 0.0218 -0.8514 0.0512
258209_at AT3G14060 0.1942 0.3436 1.0414 0.0344
259796_at AT1G64270 -1.4531 0.0265 -0.6079 0.0908
251548_at no_match 0.4987 0.0449 -0.3431 0.0713
257239_at no_match 0.3391 0.0825 1.1791 0.0094
250446_at AT5G10770 0.7089 0.1082 1.5487 0.0223
261259_at AT1G26660 0.06498 0.4573 0.9046 0.0377
267101_at AT2G41480 0.7251 0.052 1.5608 0.0123
264563_s_at AT1G55750;AT3G
61420
-1.4552 0.02 -0.6199 0.0587
262516_at AT1G17190 0.1184 0.4104 0.9523 0.0388
256427_at AT3G11090 0.8013 0.0267 -0.03047 0.4367
246911_at AT5G25810 0.1866 0.2409 1.0178 0.0148
264042_at AT2G03760 -0.05469 0.4491 0.7747 0.0293
255103_at AT4G08690 0.03684 0.4748 -0.792 0.0299
257277_at AT3G14470 -0.2762 0.2156 -1.1046 0.02
261717_at AT1G18400 1.0435 0.0254 0.2169 0.2186
253796_at AT4G28460 0.6293 0.2013 1.4553 0.0465
252119_at AT3G51030 0.9202 0.0614 1.7454 0.0164
265025_at AT1G24575 0.8067 0.1687 1.631 0.0451
249225_at AT5G42140 -0.8399 0.039 -0.01562 0.467
264480_at AT1G77300 -1.2838 0.1232 -2.1079 0.0436
263352_at AT2G22080 -0.255 0.1406 0.5663 0.0296
253946_at AT4G26790 -0.2181 0.2154 0.5994 0.038
247197_at AT5G65240 -0.8624 0.0292 -0.04508 0.4233
260499_at AT2G41760 0.355 0.082 -0.4616 0.042
248244_at AT5G53640 0.9111 0.0193 0.09536 0.3071
246982_s_at AT5G04860;AT2G
10560
-0.08924 0.3072 0.7264 0.0132
245515_at AT4G15810 -1.7794 0.1044 -2.5949 0.0441
244941_at ATMG00010 0.04198 0.4698 -0.7735 0.0328
251246_at AT3G62100 0.2555 0.2401 1.0708 0.0219
252082_at AT3G51940 -0.1699 0.2707 0.6415 0.0332
256244_at AT3G12520 0.02732 0.487 -0.7808 0.0317
266070_at AT2G18660 0.5262 0.1465 1.3321 0.0246
248668_at AT5G48720 -0.1443 0.3189 0.66 0.0364
256374_at AT1G66730 -1.0995 0.1171 -1.9038 0.0372
254529_at AT4G19540 -0.4731 0.0748 -1.2734 0.0122
251564_at AT3G58160 -1.5831 0.089 -2.3833 0.0351
265486_at no_match 0.1648 0.2903 -0.6349 0.0383
248434_at AT5G51440 0.2723 0.2654 1.0716 0.0295
246018_at AT5G10695 0.7052 0.1032 1.5045 0.0221
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262506_at AT1G21640 -0.1553 0.1599 -0.9532 0.0083
245506_at AT4G15700 0.7509 0.1087 1.5488 0.0246
264566_at AT1G05270 -1.3597 0.0301 -0.5629 0.1074
260783_at AT1G06160 0.07277 0.3752 0.8693 0.0133
260760_at AT1G49170 -0.9605 0.0115 -0.1647 0.0872
247191_at AT5G65310 -0.8208 0.0339 -0.02508 0.4525
248228_at AT5G53800 -0.1294 0.266 0.6661 0.0191
262479_at AT1G11130 -1.8061 0.0257 -1.0134 0.0523
253094_at AT4G37480 -1.4989 0.0341 -0.7079 0.1001
264089_at AT2G31200 0.3548 0.1549 1.1457 0.0179
256422_at AT1G33520 -0.8037 0.039 -0.01379 0.4685
263860_at AT2G04330 1.0636 0.0452 0.2754 0.2539
253450_at no_match -3.0078 0.0479 -2.2212 0.0667
267200_at AT2G31010 -0.4762 0.1476 -1.2623 0.0232
264390_at AT1G11950 -0.695 0.0454 0.091 0.3656
252450_s_at AT3G47090;AT3G
47580
-0.9805 0.0691 -1.7648 0.0201
255160_at AT4G07820 0.7755 0.0412 -0.00839 0.4741
246439_at AT5G17600 -0.1568 0.3898 -0.9395 0.0486
259711_at AT1G77570 0.3003 0.1692 1.0829 0.0169
262336_at AT1G64220 1.1956 0.0745 1.9781 0.0244
248273_at AT5G53500 -1.1682 0.0343 -0.3862 0.1675
252747_at AT3G43320 -0.867 0.1327 -1.6482 0.0366
257288_at AT3G29670 0.1714 0.3675 0.9505 0.0425
258943_at AT3G10400 0.217 0.3173 0.996 0.0355
256625_at AT3G20010 -0.6548 0.1343 -1.4335 0.0286
256943_at AT3G18910 -0.6853 0.0265 0.0931 0.3068
256107_at AT1G16830 -0.1895 0.3428 -0.9673 0.0376
266294_at AT2G29500 0.2383 0.2905 1.0157 0.0317
247717_at AT5G59320 0.5725 0.1463 1.3488 0.028
260417_at AT1G69770 -0.05044 0.4543 -0.8264 0.0258
260116_at AT1G33960 0.02849 0.472 0.8021 0.0174
259302_at AT3G05120 -0.7894 0.0409 -0.0163 0.4657
245392_at AT4G15680 0.3844 0.2543 1.1561 0.044
252234_at AT3G49780 0.5456 0.079 1.3165 0.0147
254985_x_at AT4G10580;AT1G
42605
-1.1459 0.0261 -0.3765 0.1293
263318_at AT2G24762 0.7155 0.1643 1.4841 0.0416
254683_at AT4G13800 -0.2534 0.2605 -1.0214 0.0271
250272_at AT5G13000 -0.08736 0.2001 -0.8509 0.0061
253619_at AT4G30460 0.6374 0.1376 1.4009 0.0293
261233_at AT1G32810 -2.5526 0.0366 -1.7894 0.0549
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254819_at AT4G12500 0.3201 0.0885 1.0819 0.0103
261121_at AT1G75340 0.3612 0.0573 -0.3999 0.0384
264342_at AT1G12080 0.815 0.0704 1.5757 0.018
260359_at AT1G69210 -0.9529 0.0304 -0.1933 0.251
253166_at AT4G35290 -0.3076 0.2451 -1.0671 0.0316
250648_at AT5G06760 0.3887 0.1183 1.1478 0.0154
264488_s_at AT1G27330;AT1G
27350
0.5838 0.0849 1.3421 0.0164
250686_at AT5G06680 -0.411 0.1931 -1.1689 0.0297
248171_at AT5G54680 1.0466 0.0213 0.2888 0.135
267249_at AT2G23040 0.5613 0.0954 1.3183 0.0176
257704_at AT3G12720 0.9103 0.0392 0.1547 0.3152
251125_at AT5G01060 0.1314 0.3386 -0.624 0.0411
258041_at AT3G21175 -0.5104 0.0458 0.2445 0.129
260677_at AT1G07910 -0.9598 0.0352 -0.2056 0.2608
259421_at AT1G13910 0.2417 0.1473 -0.5115 0.0346
260957_at AT1G06080 -0.01697 0.5006 0.7357 0.0397
248167_at AT5G54530 -0.5954 0.0417 0.1565 0.2413
254827_at AT4G12650 -0.1858 0.3016 -0.9355 0.0259
260208_s_at AT1G70670;AT1G
70680
0.4171 0.1169 1.1666 0.0164
253764_s_at AT4G28860;AT4G
28880
-1.3698 0.028 -0.6204 0.0861
247049_at AT5G66440 -0.4193 0.2296 -1.1685 0.0416
252881_at AT4G39610 -1.1596 0.1068 -1.9077 0.0366
253269_at AT4G34140 -1.2773 0.0636 -2.0229 0.0224
253344_at AT4G33550 1.043 0.0857 1.788 0.0266
248072_at AT5G55680 1.5841 0.033 0.8406 0.0796
259596_at AT1G28130 -0.2005 0.1483 0.5412 0.0226
245692_at AT5G04150 0.2231 0.2927 0.9645 0.0315
249219_at AT5G42400 -0.6142 0.0395 0.1255 0.2831
249061_at AT5G44550 -2.1731 0.0706 -2.9117 0.0337
245523_at AT4G15910 -1.3254 0.0208 -0.5873 0.0606
249087_at AT5G44210 0.7243 0.1423 1.4613 0.036
266244_at AT2G27740 1.4936 0.1161 2.2304 0.0483
246323_at AT1G16690 0.6869 0.0125 -0.04835 0.2785
257322_at ATMG01180 -1.1184 0.0852 -1.853 0.028
266267_at AT2G29460 0.186 0.2982 0.9188 0.0261
249164_at AT5G42820 -0.8303 0.0451 -0.09836 0.3767
249641_at AT5G36950 -0.2399 0.069 -0.9708 0.0074
249101_at AT5G43580 0.8636 0.1159 1.593 0.0325
264991_s_at AT1G67400;AT3G
43400
-0.2886 0.1886 -1.0137 0.0203
247814_at AT5G58310 0.7131 0.0414 -0.01198 0.4693
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264999_at AT1G67310 -0.5558 0.0352 0.169 0.1878
264191_at AT1G54730 -1.4211 0.0248 -0.6974 0.0628
261193_at AT1G32920 0.4011 0.1877 1.1235 0.0293
257129_at AT3G20100 0.03306 0.4703 -0.6875 0.027
265494_at AT2G15680 0.3953 0.1328 1.1145 0.0187
259876_at AT1G76700 1.034 0.0271 0.3164 0.1477
263305_at AT2G01930 -1.0141 0.0359 -0.2969 0.1984
254457_at AT4G21170 -0.8488 0.0245 -0.1321 0.2708
254262_at AT4G23470 0.5158 0.0423 -0.2005 0.1613
259850_at AT1G72240 0.6662 0.0629 1.3823 0.0148
266143_at AT2G38905 -0.3531 0.243 -1.0686 0.0399
267063_at AT2G41120 0.1695 0.2699 -0.545 0.0443
254415_at AT4G21326 -2.4364 0.0956 -3.1504 0.05
258217_at AT3G17998;AT3G
18000
-1.3544 0.0414 -0.6415 0.1209
255071_at no_match -0.7456 0.0185 -0.03446 0.4043
252989_at AT4G38420 -0.3771 0.1956 -1.0881 0.0296
254052_at AT4G25280 -0.5404 0.1882 -1.2513 0.0417
257502_at AT1G78110 0.4893 0.1641 1.2001 0.0305
260411_at AT1G69890 0.1289 0.374 0.8394 0.034
263931_at AT2G36220 0.3389 0.1168 1.0487 0.0145
260841_at AT1G29195 0.8085 0.1116 1.5176 0.0301
261685_at AT1G47290 -0.2733 0.251 -0.982 0.031
263485_at AT2G29890 -1.2278 0.0298 -0.5217 0.1015
254372_at AT4G21620 0.395 0.0864 1.1007 0.0129
262845_at AT1G14740 -0.828 0.0457 -0.1229 0.3499
261828_at AT1G11360 0.02266 0.4861 0.7263 0.0246
262886_at AT1G14760 0.7015 0.0469 -0.00146 0.481
253601_at AT4G30900 -0.6659 0.1487 -1.3687 0.0371
267058_at AT2G32510 -0.2169 0.0849 0.4832 0.0172
244977_at ATCG00730 -2.8261 0.0483 -2.1265 0.0649
246633_at AT1G29720 -0.4122 0.1725 -1.1115 0.0277
259424_at AT1G13830 0.6735 0.0496 -0.02391 0.4551
250128_at AT5G16540 -0.9155 0.0565 -1.6119 0.0171
256822_at AT3G22190 -0.915 0.0205 -0.2199 0.1532
248846_at AT5G46500 -1.7769 0.0341 -1.082 0.0651
246975_at AT5G24890 -0.4875 0.0434 0.2071 0.1461
260576_at AT2G47310 -0.848 0.0416 -0.1558 0.3089
264005_at AT2G22470 0.7931 0.0571 1.4848 0.0157
266271_at AT2G29440 0.2594 0.0906 0.9494 0.0094
266324_at AT2G46710 -0.8114 0.0271 -0.1219 0.2911
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260203_at AT1G52890 0.04321 0.4679 0.7314 0.0364
252083_at AT3G51960 0.6105 0.1586 1.2979 0.0379
248774_at AT5G47830 -0.6255 0.0202 0.06068 0.3257
260885_at AT1G29230 -0.7607 0.0324 -0.07454 0.3738
260277_at AT1G80520 0.05965 0.4423 0.7447 0.0315
263551_at AT2G17110 -0.8871 0.0311 -0.2033 0.2284
250906_at AT5G03650 -0.197 0.1934 -0.8806 0.0147
254266_at AT4G23130 -0.3654 0.1449 -1.0489 0.0201
264840_at AT1G03440 -0.08173 0.3713 -0.7625 0.0179
258723_at AT3G09600 -1.1938 0.0474 -0.5132 0.1535
252562_s_at AT3G46320;AT3G
45930
0.479 0.068 1.1592 0.0129
252405_at AT3G48120 -0.2076 0.2684 -0.886 0.0262
249304_at AT5G41480 -0.08119 0.3569 -0.7578 0.0157
253817_at AT4G28310 0.7674 0.0309 0.09095 0.3459
246405_at AT1G57630 1.0319 0.0404 0.3566 0.1794
257226_at AT3G27880 -0.0514 0.429 0.6234 0.0257
256050_at AT1G07000 -1.3063 0.0219 -0.6317 0.0551
255579_at AT4G01460 -1.1347 0.04 -0.4607 0.1457
259679_at AT1G77720 0.9522 0.0421 0.2784 0.2194
264012_at AT2G21080 -0.426 0.1977 -1.0992 0.0371
258950_at AT3G01460 0.004084 0.5133 -0.6691 0.0422
248743_at no_match 0.7082 0.0169 0.03511 0.3914
246777_at AT5G27420 -0.2882 0.0816 0.3843 0.0399
264503_at AT1G09410 -1.8099 0.0481 -1.1378 0.0888
246743_at AT5G27750 -0.6034 0.0309 0.06857 0.3522
267197_at AT2G30960 0.05146 0.4491 0.7228 0.0296
249298_at AT5G41330 -1.3438 0.041 -0.6727 0.1102
248947_at AT5G45540 0.5276 0.0331 -0.1435 0.2015
247878_at AT5G57760 0.3318 0.2117 1.0029 0.0308
256159_at AT1G30135 0.904 0.0974 1.575 0.0296
266171_at AT2G38880 0.1452 0.3692 0.8151 0.0423
263869_at AT2G22000 0.3772 0.2134 1.047 0.0367
251438_s_at AT3G59930;AT5G
33355
0.6497 0.1006 1.319 0.0234
251199_at AT3G62980 -1.09 0.0268 -0.4208 0.104
266800_at AT2G22880 1.1474 0.0686 1.8157 0.0242
249084_at AT5G44150 -0.5886 0.0292 0.07907 0.3205
249441_at AT5G39730 0.2047 0.2672 0.8723 0.026
266672_at AT2G29650 0.1203 0.2611 -0.5467 0.0222
266314_at AT2G27040 0.2137 0.1314 -0.4522 0.0296
266658_at AT2G25735 0.8686 0.0615 1.534 0.0184
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259479_at AT1G19020 1.1097 0.0629 1.7751 0.0219
262292_at AT1G27595 -0.4242 0.061 -1.0894 0.0108
253215_at AT4G34950 -0.04953 0.4601 -0.7143 0.0386
253460_at no_match -0.899 0.0276 -0.2346 0.1836
266964_at AT2G39480 -1.0012 0.0206 -0.3371 0.0961
251887_at AT3G54170 0.06216 0.4534 0.7251 0.0471
254485_at AT4G20760 -0.5507 0.0302 0.1119 0.2499
262930_at AT1G65690 0.1735 0.1385 0.8357 0.0094
261265_at AT1G26800 0.2829 0.0914 0.942 0.0107
265825_at AT2G35635 0.4963 0.118 1.1547 0.0221
266599_at no_match 1.1159 0.0279 0.4588 0.0997
251176_at AT3G63380 -0.3373 0.2106 -0.9941 0.032
245312_at AT4G14600 -0.00074 0.5166 0.6559 0.0289
261821_at AT1G11530 0.5873 0.1139 1.243 0.0248
245619_at AT4G13990 0.3974 0.2342 1.0517 0.0476
245743_at AT1G51080 -0.7644 0.0398 -0.1109 0.3413
258348_at AT3G17710 -0.0892 0.3288 0.5635 0.0224
263263_at AT2G38840 -1.2487 0.0911 -1.9011 0.0353
258609_at AT3G02910 0.9069 0.0191 0.2555 0.1101
247926_at AT5G57280 -0.2205 0.2632 -0.8719 0.0287
252612_at AT3G45160 0.7822 0.085 1.4324 0.0234
264773_at AT1G22900 0.8262 0.1358 1.4741 0.0422
262068_at AT1G80070 -0.5318 0.0681 -1.1787 0.0146
252858_at AT4G39770 1.2437 0.0265 0.5982 0.0713
254810_at AT4G12390 1.0343 0.0331 0.3908 0.1354
263549_at AT2G21650 0.5551 0.1253 1.1979 0.027
260627_at AT1G62310 -1.2102 0.0248 -0.5676 0.0679
266278_at AT2G29300 -0.6946 0.0659 -1.337 0.0171
266049_at AT2G40780 0.4654 0.14 1.1071 0.0261
257788_at AT3G27010 0.04181 0.469 0.6833 0.0399
262452_at AT1G11210 -0.4897 0.0426 0.1517 0.209
265116_at AT1G62480 0.5933 0.0637 1.2332 0.0149
262958_at AT1G54410 0.7837 0.0587 1.4234 0.0169
246802_at AT5G27000 0.08621 0.3994 0.7251 0.0296
247836_at AT5G57860 0.4021 0.1113 1.0404 0.0176
244931_at ATMG00630 -2.516 0.0659 -3.1506 0.0354
267546_at AT2G32680 0.3937 0.0475 -0.2406 0.092
267645_at AT2G32860 0.5067 0.095 1.141 0.0189
266647_at no_match -1.3973 0.0539 -2.0302 0.0221
260071_at AT1G73840 0.6688 0.0416 0.03744 0.4328
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258879_at AT3G03270 0.2993 0.0514 0.9303 0.0079
258751_at AT3G05890 0.4643 0.1295 1.095 0.0239
251969_at AT3G53130 0.09584 0.334 -0.5348 0.0292
245815_at AT1G26090 -0.2292 0.2346 -0.8597 0.0252
249469_at AT5G39320 -0.8519 0.0337 -0.2217 0.2134
266701_at AT2G19760 0.3673 0.1187 0.9972 0.0175
257124_at AT3G20040 -0.1325 0.3335 -0.7616 0.0276
251376_at AT3G60630 0.001286 0.5153 -0.627 0.0176
256529_at AT1G33260 -0.4489 0.192 -1.0756 0.0405
254483_at AT4G20740 -0.8969 0.0206 -0.2707 0.1141
247924_at AT5G57655 -1.2282 0.0398 -0.6068 0.1089
260751_at AT1G49040 0.128 0.2712 -0.4934 0.0322
245863_s_at AT1G58060;AT1G
58050
-0.1415 0.1526 -0.7624 0.009
253159_at AT4G35570 0.6436 0.0992 1.2639 0.0242
250800_at AT5G05370 0.236 0.2212 0.8555 0.024
263457_at AT2G22300 -0.9106 0.0211 -0.2912 0.1077
254238_at AT4G23540 -0.4285 0.0972 -1.0474 0.0169
249582_at AT5G37780 0.4323 0.053 1.0511 0.0106
250774_at AT5G05450 -0.4214 0.0366 0.1959 0.1105
255732_at AT1G25450 -0.3976 0.0726 -1.0146 0.0127
253837_at AT4G27850 -0.4404 0.2157 -1.0571 0.0487
262199_at AT1G53800 -0.6736 0.083 -1.2889 0.0214
261175_at AT1G04800 -1.0917 0.0835 -1.7068 0.0304
265387_at AT2G20670 -0.7167 0.0219 -0.1023 0.2728
263046_at AT2G05380 0.2656 0.2061 0.8797 0.025
260374_at AT1G73960 0.1041 0.2694 -0.5094 0.021
253467_at AT4G32140 0.8227 0.0187 0.2097 0.1239
252182_at AT3G50670 -0.1312 0.2101 -0.7441 0.0118
253909_at AT4G27270 0.343 0.1676 0.9556 0.025
266119_at AT2G02100 0.8387 0.0681 1.4509 0.0209
257956_at AT3G25400 0.4241 0.1272 1.036 0.0221
267550_at AT2G32800 -0.4435 0.0441 0.1682 0.1706
254263_at AT4G23493 1.1412 0.0324 0.5305 0.0964
255833_at AT2G33390 -0.8596 0.0339 -0.2514 0.1909
258716_at AT3G09700 0.3982 0.0785 1.0063 0.0137
245642_at AT1G25275 0.813 0.0584 1.4198 0.0178
252513_at AT3G46220 -0.04922 0.4063 -0.6551 0.0156
254179_at AT4G23910 0.6448 0.0187 0.04054 0.3742
254300_at AT4G22780 -0.5417 0.0206 0.06232 0.3047
253791_at AT4G28640 0.2019 0.1782 0.8054 0.0154
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265678_at AT2G31970 -0.4334 0.1232 -1.0359 0.0222
261209_at AT1G12810 0.2484 0.141 0.8496 0.0149
261335_at AT1G44800 0.216 0.2722 0.8169 0.0337
250419_at AT5G11250 -1.2182 0.0315 -0.6174 0.0814
251358_at AT3G61160 -0.2752 0.2649 -0.8752 0.0434
263265_at AT2G38820 -0.8167 0.0204 -0.2201 0.1286
261621_at AT1G01960 -0.6031 0.0603 -1.1991 0.0151
264492_at AT1G27430 -0.3393 0.2099 -0.9353 0.0362
248429_at AT5G51770 -0.09181 0.3504 0.5023 0.0358
264017_s_at AT2G21190;AT4G
38790
-0.7319 0.0246 -0.138 0.2328
264384_at AT2G25170 -0.3081 0.1285 -0.9016 0.017
251018_at AT5G02450 -0.07043 0.4123 0.5229 0.0467
252102_at AT3G50970 0.7101 0.0634 1.3034 0.0177
254806_at AT4G12430;AT4G
12432
-0.8651 0.0503 -1.458 0.0165
251830_at AT3G55010 -0.01638 0.4938 -0.6082 0.0301
263015_at AT1G23440 -0.00703 0.505 0.5843 0.0209
247828_at AT5G58510 -0.4451 0.1791 -1.0364 0.0381
266327_at AT2G46680 0.1237 0.3514 0.7147 0.0326
266781_at AT2G28940 -0.4987 0.1667 -1.0893 0.0388
255537_at AT4G01690 0.1889 0.1683 -0.4011 0.0413
251083_at AT5G01590 -1.3657 0.0299 -0.7758 0.0622
254708_at AT4G17895 0.09215 0.3466 -0.4976 0.0352
253395_at AT4G32660 -0.754 0.0602 -1.3434 0.0176
264128_at AT1G79190 -0.5395 0.0685 -1.1286 0.0157
255637_at AT4G00750 -0.01242 0.4952 -0.6015 0.0208
246151_at AT5G19950 -0.4903 0.1192 -1.079 0.0245
267434_at AT2G26260 -0.1928 0.2833 -0.7811 0.0327
250767_at AT5G05660 -0.6016 0.0147 -0.01333 0.4351
266074_at AT2G18740 0.6989 0.0825 1.2866 0.0226
259523_at AT1G12500 0.03871 0.452 -0.5484 0.0316
251914_at AT3G53930 -0.7781 0.0217 -0.1912 0.159
264725_at AT1G22885 0.6124 0.0684 1.1991 0.0173
247705_at AT5G59460 0.1722 0.2309 0.7583 0.0192
260152_at AT1G52830 0.8014 0.0567 1.3872 0.0176
247563_at AT5G61130 0.6999 0.0147 0.1145 0.1553
260133_at AT1G66340 -0.3122 0.2181 -0.8974 0.0358
258044_at AT3G21270 0.2056 0.2022 0.7898 0.0194
264501_at AT1G09390 0.5939 0.0338 0.01049 0.4662
250595_at AT5G07770 -0.4133 0.128 -0.996 0.0228
261823_at AT1G11400 -0.6854 0.037 -0.1028 0.3296
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265913_at AT2G25625 0.773 0.025 0.1916 0.1788
255329_at AT4G04370 -1.1963 0.0363 -0.6149 0.0938
250174_at AT5G14380 -0.5803 0.1651 -1.1612 0.0447
259986_at AT1G75050 1.3597 0.0298 0.779 0.0609
248907_at AT5G46340 -0.1016 0.378 -0.6822 0.0337
267031_at AT2G38420 0.06947 0.3854 0.65 0.0208
248207_at AT5G53970 -0.6734 0.0514 -1.2535 0.0148
258218_at AT3G17998;AT3G
18000
-0.0732 0.3778 -0.6528 0.0207
262072_at AT1G59590 -0.09284 0.3638 0.4861 0.045
245415_at AT4G17330 0.06619 0.3718 -0.5125 0.0242
245064_at AT2G39725 0.6131 0.1226 1.1917 0.0317
259759_at AT1G77550 -0.313 0.2404 -0.8915 0.0436
249059_at AT5G44530 -0.7893 0.068 -1.3667 0.0208
266478_at AT2G31170 -0.02857 0.4718 -0.6046 0.0275
249242_at AT5G42250 0.005917 0.5096 -0.5699 0.0397
259614_at AT1G47990 -0.8649 0.0464 -0.2902 0.2018
250278_at AT5G12860 -0.2153 0.11 -0.7898 0.0108
261945_at AT1G64530 -0.1747 0.1272 -0.7489 0.0102
247723_at AT5G59220 -1.2011 0.0236 -0.6283 0.0525
266698_at AT2G19830 0.2655 0.2753 0.8376 0.0485
250240_at AT5G13590 -1.2243 0.0437 -0.6524 0.106
261671_at AT1G18340 0.7084 0.0261 0.1369 0.2381
266335_at AT2G32440 -0.4262 0.1818 -0.9969 0.0387
248153_at AT5G54250 -0.2057 0.1057 -0.7756 0.0103
251662_at AT3G57080 -0.1409 0.2203 0.429 0.0326
256274_at AT3G12080 0.06679 0.298 -0.5025 0.0137
257766_at AT3G23030 0.1789 0.2062 0.748 0.0173
262968_at AT1G75720 1.039 0.0451 0.47 0.1382
247747_at AT5G59000 0.7362 0.0757 1.3045 0.0222
253827_at AT4G28085 0.5932 0.135 1.1612 0.0355
266106_at AT2G45170 0.5352 0.1613 1.1029 0.0411
262488_at AT1G21830 0.248 0.1743 0.8154 0.0202
248864_at AT5G46760 -0.6714 0.0274 -0.1041 0.288
266808_at AT2G29995 0.206 0.2405 0.773 0.0264
264726_at AT1G22985 0.4084 0.2105 0.9733 0.0474
258809_at AT3G04070 -0.00095 0.5163 0.5635 0.0296
253099_s_at AT4G37530;AT4G
37520
0.4298 0.1272 0.9942 0.0242
258475_at AT3G02660 -0.4054 0.1122 -0.9697 0.0202
259804_at AT1G72160 0.1869 0.3269 0.7494 0.05
249330_at AT5G40970 -0.08069 0.3906 0.4818 0.0493
132 
Supplemental Table 4.  (Continued)
Probeset Locus TuMV poly/total 
est
TuMV poly/total 
q-value
mock poly/total 
est
mock poly/total q-
value
249064_at AT5G44250 -0.1312 0.2565 -0.6936 0.017
253585_at AT4G30720 -0.9745 0.0618 -1.5365 0.022
258433_at AT3G16640 -0.3193 0.0882 -0.8811 0.0133
267132_at AT2G23420 -0.05688 0.3886 -0.6181 0.0171
254182_at AT4G23950 -0.1612 0.2746 -0.7219 0.0253
258617_at AT3G03000 0.5939 0.0813 1.1545 0.0207
252132_at AT3G50790 -0.5474 0.0703 -1.1076 0.0169
249846_at AT5G23630 -0.08594 0.3046 -0.6459 0.0144
263185_at AT1G05520 -0.1623 0.0736 -0.7217 0.0067
254915_s_at AT4G11320;AT4G
11310
0.3524 0.1837 0.9107 0.0326
265285_at AT2G20410 -0.6932 0.0245 -0.135 0.2253
267236_at AT2G44100 -0.01361 0.5005 -0.5701 0.0416
247072_at AT5G66490 0.3742 0.076 0.9306 0.0136
259059_at AT3G07300 -0.4364 0.1348 -0.9928 0.0269
261800_at AT1G30490 -0.3342 0.1668 -0.8902 0.027
250791_at AT5G05610 -0.6074 0.0206 -0.0515 0.3519
264323_at AT1G04180 -0.981 0.1162 -1.5359 0.044
254068_at AT4G25450 -0.2757 0.0906 -0.8301 0.0122
250093_at AT5G17370 -0.07165 0.4184 -0.6257 0.0384
252093_at AT3G51500 0.6029 0.102 1.1568 0.0262
247952_at AT5G57250 -0.6372 0.1034 -1.1909 0.0278
263483_at AT2G04030 -0.0783 0.2045 -0.6315 0.0078
251615_at AT3G57980 -0.3797 0.1932 -0.9325 0.039
260780_at AT1G14610 0.03344 0.4248 -0.5189 0.0161
251395_at AT2G45470 0.7048 0.0372 0.153 0.2651
264007_at AT2G21140 -0.6272 0.1488 -1.1785 0.0436
265339_at AT2G18230 0.7301 0.0263 0.1789 0.1889
249878_at AT5G23090 0.3598 0.0729 0.9106 0.0129
267073_at AT2G41160 -0.02259 0.487 -0.5729 0.0398
250973_at AT5G02870 0.6697 0.0328 0.1199 0.2846
259340_at AT3G03870 0.2796 0.1435 0.8287 0.0189
257908_at AT3G25410 0.01326 0.4931 -0.5355 0.0246
260881_at AT1G21550 0.3589 0.1961 0.9076 0.0379
250582_at AT5G07580 -0.1288 0.2787 0.4191 0.0472
267069_at AT2G41010 0.7031 0.0373 0.1558 0.2615
266464_at AT2G47800 -0.2802 0.2584 -0.8273 0.0473
256030_at AT1G34110 -0.1855 0.3139 -0.7321 0.045
255742_at AT1G25560 0.1823 0.1217 0.7287 0.0107
264638_at AT1G65480 0.5366 0.0708 1.0825 0.0171
262544_at AT1G15420 0.02379 0.4764 -0.522 0.0305  
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264329_at AT1G04140 -0.2452 0.1042 -0.7904 0.0124
257083_s_at AT3G20600;AT3G
20590
0.275 0.2654 0.8195 0.0491
251903_at AT3G54120 0.4906 0.0191 -0.0536 0.2964
258557_at AT3G05990 -0.3879 0.1695 -0.9321 0.0332
267086_at AT2G32630 1.7356 0.0723 2.2795 0.0362
264680_at AT1G65510 0.7233 0.0603 1.2671 0.0182
247162_at AT5G65730 0.6985 0.0325 0.1554 0.2408
259318_at AT3G01100 0.09876 0.2965 -0.4441 0.0303
257714_at AT3G27360 0.7021 0.0725 1.2446 0.0214
246508_at AT5G16150 0.02095 0.4579 -0.5214 0.0148
247240_at AT5G64660 -0.4514 0.0273 0.09062 0.2374
247286_at AT5G64280 -0.2936 0.0916 -0.8355 0.0133
249613_at AT5G37380 -0.7874 0.0172 -0.2456 0.0814
261408_s_at AT1G07660;AT1G
07820
0.4374 0.1236 0.9789 0.0248
260506_at AT1G47210 -1.0242 0.0816 -1.5653 0.031
253552_at AT4G30890 -0.1997 0.1965 -0.7405 0.0198
267306_at AT2G30060 0.2043 0.1003 0.7451 0.0103
261655_at AT1G01940 0.7169 0.0176 0.1762 0.1218
250655_at AT5G06960 -0.08643 0.3512 0.4538 0.0389
248890_at AT5G46270 -0.536 0.154 -1.0757 0.0406
251356_at AT3G61060 -0.7289 0.0244 -0.1898 0.1642
254444_at AT4G20960 -0.1277 0.367 -0.6663 0.0474
252143_at AT3G51150 0.02603 0.4736 -0.5119 0.0338
260995_at AT1G12120 -1.0621 0.0361 -0.5246 0.0992
254382_at AT4G21890 -1.217 0.0609 -1.7543 0.0252
261719_at AT1G18380 -0.8357 0.0194 -0.2986 0.0768
258128_at AT3G24590 0.783 0.034 0.246 0.176
246433_at AT5G17510 -0.6531 0.0206 -0.1176 0.2145
267361_at AT2G39920 -1.2274 0.0482 -0.692 0.1057
264374_at AT2G25180 0.08725 0.2152 -0.4473 0.0138
259234_at AT3G11620 -0.01923 0.4436 -0.5537 0.0094
250453_at AT5G10620 0.7983 0.0376 0.264 0.179
248673_at AT5G48780 -0.4832 0.0173 0.05001 0.2916
259899_at AT1G71210 -1.0612 0.0493 -0.5283 0.1298
258001_at AT3G28950 0.3457 0.0628 0.8785 0.0113
265232_s_at AT2G07715;ATM
G00560
-0.8231 0.0526 -1.3555 0.0178
261348_at AT1G79810 0.08654 0.2756 -0.4455 0.0205
253584_at AT4G30700 0.5148 0.0192 -0.01702 0.4301
267471_at AT2G30390 0.126 0.0637 -0.4054 0.0088
245518_at AT4G15850 -1.2649 0.0409 -0.734 0.0871
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262703_at AT1G16510 0.9911 0.039 0.4604 0.1175
265947_at AT2G19540 -0.039 0.412 -0.5686 0.0149
263943_at AT2G35800 -0.4202 0.1533 -0.9493 0.0324
258634_at AT3G08000 -0.1855 0.2905 -0.7145 0.0384
266934_at AT2G18900 -0.2752 0.0962 -0.8033 0.0133
259543_at AT1G20580 -0.08333 0.3204 0.4444 0.0278
266298_at AT2G29590 0.3104 0.1134 0.8376 0.0169
260375_at AT1G73950 -1.0048 0.0262 -0.4786 0.0723
260562_at AT2G43850 -0.4338 0.034 0.09181 0.2586
255780_at AT1G18580 -0.8938 0.0188 -0.3682 0.0567
264113_at AT2G31260 -0.5752 0.0314 -0.04964 0.3859
265276_at AT2G28400 0.3547 0.1332 0.8798 0.0228
265354_at AT2G16700 0.5474 0.0825 1.0722 0.0207
266322_at AT2G46690 0.1548 0.2959 0.6794 0.0315
267401_at AT2G26210 -0.6049 0.0273 -0.08051 0.3141
252968_at AT4G38890 0.1338 0.1562 -0.3905 0.0213
255698_at AT4G00150 -0.1937 0.292 -0.7174 0.0416
252971_at AT4G38770 0.5638 0.0197 0.04017 0.3657
246746_at AT5G27820 0.1863 0.22 0.7095 0.022
251195_at AT3G62930 0.8626 0.0996 1.3849 0.0353
265002_at AT1G24400 -0.4634 0.1589 -0.9849 0.0381
266439_s_at AT2G43200 -0.5682 0.131 -1.0895 0.0355
263182_at AT1G05575 1.1418 0.0582 1.6629 0.0236
257431_at AT2G36360 -0.177 0.2599 -0.6955 0.0282
256812_at AT3G21350 -0.4122 0.0557 -0.9305 0.0122
257134_at AT3G12870 1.2672 0.0318 0.749 0.062
257000_at AT3G14120 -0.7064 0.0278 -0.1885 0.1805
262801_at AT1G21010 0.0533 0.3886 0.5707 0.0175
263199_at AT1G05590 -0.5712 0.0158 -0.05385 0.2887
255255_at AT4G05070 0.5459 0.0742 1.0632 0.019
258737_at AT3G05940 0.05694 0.3191 -0.4598 0.0145
254576_at AT4G19350 0.2957 0.2174 0.8124 0.0387
250075_at AT5G17670 -0.4457 0.0541 -0.9623 0.0126
260472_at AT1G10990 0.3523 0.1214 0.8679 0.0209
258758_at AT3G10810 0.6255 0.0407 0.111 0.3122
261809_at AT1G08340 0.2241 0.26 0.7382 0.0392
249896_at AT5G22530 1.2315 0.0469 0.7181 0.0977
251640_at AT3G57450 0.06769 0.4248 0.5809 0.0444
253341_at AT4G33410 0.01573 0.4901 -0.4971 0.0313
259406_at AT1G17690 -0.2011 0.2425 -0.7136 0.0297
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247079_at AT5G66055 -0.3335 0.1495 -0.8456 0.0254
247117_at AT5G65940 -0.4228 0.069 -0.9344 0.0148
250921_at AT5G03460 0.4189 0.095 0.9305 0.0194
247766_at AT5G58870 -0.0553 0.3949 -0.5664 0.0202
259551_at AT1G21190 0.236 0.2727 0.7471 0.0471
249640_at AT5G36940 -0.05942 0.4312 -0.5705 0.0409
259171_at AT3G03590 0.7 0.0625 1.2107 0.0194
251959_at AT3G53410 0.7195 0.0489 0.209 0.2393
260598_at AT1G55930 -0.4638 0.1186 -0.9725 0.0266
252215_at AT3G50240 -0.4367 0.1446 -0.9451 0.0322
259060_at AT3G07400 0.0456 0.3556 -0.4624 0.0139
249235_at AT5G42100 0.5627 0.0336 0.05507 0.3772
245147_at AT2G45280 -0.5758 0.0927 -1.0834 0.0244
253565_at AT4G31200 0.21 0.1101 -0.2976 0.0498
260179_at AT1G70690 0.4067 0.191 0.9141 0.0449
258124_at AT3G18215 -0.4914 0.1114 -0.9986 0.0261
257910_at AT3G25580 0.5338 0.0501 1.0409 0.0136
245731_at AT1G73500 0.2163 0.18 0.7233 0.0205
253581_at AT4G30660 0.8393 0.0611 1.3459 0.0213
260974_at AT1G53440 -0.4395 0.1086 -0.9459 0.023
261443_at AT1G28480 0.6204 0.1137 1.1264 0.0327
253259_at AT4G34410 0.2184 0.2342 0.7242 0.0314
267567_at AT2G30770 0.3894 0.0914 0.895 0.0175
260269_at AT1G63740 -0.877 0.0248 -0.3719 0.0816
251220_at AT3G62400 0.2356 0.2581 0.7406 0.0419
262064_at AT1G56070 0.02014 0.3479 -0.4848 0.0055
256825_at AT3G22120 0.6726 0.0399 0.1677 0.2465
253297_at AT4G33810 -0.483 0.155 -0.9857 0.0398
264083_at AT2G31230 0.1355 0.0514 0.6374 0.0055
250367_s_at AT5G11170;AT5G
11200
0.01227 0.4697 -0.4896 0.0103
248826_at AT5G47080 -0.4224 0.0433 0.07906 0.3096
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Abstract 
The biotrophic powdery mildew fungus (Blumeria graminis f. sp. hordei (Bgh)) 
causes the differential accumulation of thousands of barley (Hordeum vulgare L.) mRNA 
transcripts. Recent studies profiling mRNA transcript abundance in polyribosomal 
(polysomal) and total RNA fractions have shown that many mRNAs are differentially 
translated in response to environmental and developmental cues. To determine if powdery 
mildew inoculation affects barley mRNA translation, we conducted polyribosome profiling 
and analyzed mRNA transcript abundance in total and polysomal RNA fractions in resistant 
and susceptible barley genotypes at 32 hours after inoculation (hai). Polyribosome profiling 
showed that no significant changes were detectable in polysome profiles at 32 hai. DNA 
microarray analysis of total and polysomal mRNA shows that approximately 14% of barley 
mRNAs are differentially accumulated in the two fractions. Most of these mRNAs display 
conserved patterns of translational regulation independent of host genotype or inoculation. 
However, 284 mRNAs show a four-fold difference in translational regulation in a manner 
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dependent on host genotype or inoculation. Sequence feature analyses of mRNAs selectively 
recruited to ribosomes in the compatible interaction were strongly correlated with significant 
mono- and di-nucleotide frequencies in the 5’ UTR and a decreased mRNA length. 
Overrepresented gene ontologies among selectively translated mRNAs showed distinct and 
overlapping functions found to be common among induced and repressed transcripts, 
suggesting interesting patterns of co-regulation. 
Introduction 
Powdery mildew disease of barley (Hordeum vulgare) is caused by the fungal 
biotroph Blumeria graminis f. sp. hordei (Bgh). This is a well-studied pathosystem and an 
economically important disease. Powdery mildew disease can be controlled through planting 
barley cultivars expressing race-specific resistance conferred by dominant resistance genes 1. 
Recognition of avirulent powdery mildew isolates is characterized by a variety of responses 
including cell death 2, 3, altered gene expression 4-6, production of reactive oxygen species 7, 
and production of secondary metabolites that act in concert to restrict pathogen growth 8-10. 
During compatible interactions responses are also elicited within the host that initially 
resemble basal defense responses that can be suppressed by successful pathogen isolates 3, 4. 
The changes in host gene expression that occur during compatible and incompatible 
barley-powdery mildew interactions have been extensively investigated using a variety of 
technologies including DNA microarray analysis. Some of these studies have been conducted 
over time courses that correspond to the early stages of pathogen infection. Such 
developmental time courses have provided new views into the dynamics of compatible and 
incompatible interactions 4-6. A key event during the course of powdery mildew development 
occurs at about 16 hours after inoculation (hai) when the fungal feeding structure called the 
haustorium is formed 11. At this time, close contact is established between the host and 
fungus, and the delivery of pathogen effector proteins into host cells is initiated through this 
interface. The importance of the 16 hai timepoint comes from the analysis of the expression 
profiles of approximately 200 genes that are up-regulated prior to 16 hai in both incompatible 
and compatible interactions. From 16-32 hai these genes were down regulated in susceptible 
plants, but their expression was maintained or increased in a resistant genotype 4, 5. The 
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suppression of these genes in susceptible plants suggests that they are down regulated by the 
activity of powdery mildew effectors that are secreted into plant cells upon development of 
the haustoria. The inability of powdery mildew to down regulate expression of these genes at 
16 hai in the incompatible interaction suggests that the resistance gene mediated recognition 
of powdery mildew activates host defenses in a manner that cannot be suppressed 12. 
Subsequent functional analyses have shown that genes possessing this pattern of expression 
play significant roles in resistance to powdery mildew 10, 13. 
In most mRNA transcript profiling studies, total RNA or polyadenylated mRNA from 
the total RNA fraction are used to obtain an estimate of the expression level of each gene 
under the conditions tested.  However, not all mRNAs are translated, because they may be 
present in processing bodies or storage granules or in the cytosol yet not associated with 
polyribosomes 14. Therefore, quantification of mRNA transcript abundance in total RNA 
fractions does not address their translation status. In contrast, quantification of mRNA 
transcript levels in the polyribosomal-associated (polysomal) RNA fraction is expected to 
provide a better estimate of protein expression. This idea has been experimentally supported 
by the high-throughput sequencing of ribosome-protected mRNA fragments in yeast where 
the translation efficiency of some genes was altered by up to 100 fold, and nearly one-third 
of the genes analyzed were translationally regulated in response to amino acid deprivation 15. 
By comparing mRNA levels in total and polysomal RNA fractions, cohorts of genes 
can be identified as differentially translated permitting new insight into mechanisms of gene 
regulation. This approach has shown that plant mRNAs are selectively translated in response 
to seed imbibition, cell type, and to mild hypoxia and drought stress 16-19. Given that the 
translation efficiency of plant mRNAs is affected by exogenous and endogenous cues, we 
hypothesized barley mRNAs may be selectively translated upon infection by incompatible 
and/or compatible powdery mildew isolates. 
To identify barley mRNAs that are regulated at the level of translation in response to 
powdery mildew, mRNA transcript levels were determined in polysomal and total RNA 
fractions isolated from compatible and incompatible interactions at 32 hai. mRNA transcripts 
were quantified with the Barley1 GeneChip® oligonucleotide microarray (Affymetrix), 
containing 22,840 probe sets 20. There were 284 mRNAs that were determined to be strongly 
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differentially translated in response to Bgh inoculation. Gene ontology analysis coupled with 
expression profile analysis of differentially expressed genes reveals mRNA transcription and 
translation are generally well correlated during barley responses to powdery mildew and 
confirms many established defense-related functions are among the actively translated 
mRNA fraction. Sequence feature analyses demonstrated that mRNAs selectively recruited 
to ribosomes in the compatible interaction were correlated with decreased length and 
significant mono- and di-nucleotide frequencies. mRNAs representing the categories 
detoxification and peptide degradation were highly induced by powdery mildew in both RNA 
fractions, but were overall less efficiently translated following Bgh inoculation. The mRNAs 
of these categories may require a significant induction in transcript abundance to compensate 
for lower translational efficiency. mRNAs associated with the functional category transport 
are both induced in the resistance response to powdery mildew and also more efficiently 
translated, providing the potential for greater protein expression and suggesting these 
mRNAs are particularly well adapted for expression during interaction with powdery 
mildew. 
Results 
Barley polyribosome concentration is not significantly affected at 32 hours after 
inoculation 
The major goal of this study was to profile barley mRNA transcript abundance in the 
total and polyribosomal RNA fractions in response to powdery mildew. Prior to assessing 
mRNA transcript abundance in these two fractions it was first necessary to determine if 
overall ribosomal RNA profiles were altered in response to powdery mildew infection. 
Significantly altered ribosomal RNA profiles would indicate general inhibition or stimulation 
of barley translation, and they would introduce a bias into the gene expression data that 
would need to be corrected to assure proper normalization of microarray data. Plants of the 
resistant genotype CI16151 (Mla6) and plants of the susceptible genotype CI16151 m9472 
(mla6) were grown for 7 days and then inoculated with powdery mildew isolate 5874, which 
carries AVRa6 and is avirulent on barley plants bearing Mla6. As a control, half of the plants 
were not inoculated. Barley leaves were harvested at 32 hai, and ribosomal RNA complexes 
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were purified and fractionated over a 10-40% sucrose density gradient. Ribosomal RNA 
complexes (40S, 60S, 80S, and polyribosomes (dimer and larger)) were identified and their 
relative abundance was determined by analysis of the proportional areas under each curve 
(Fig. 1A).  We compared the ratios of polysomal to non-polysomal RNA in compatible and 
incompatible interactions at 32 hai, and found that there were no statistically significant 
differences (Fig. 1B). 
Microarray design and data analysis 
To define sets of mRNAs that are actively translated in response to powdery mildew 
in compatible and incompatible interactions, we extracted total and polysomal RNA from 
CI16151 (Mla6) and m9472 (mla6) leaves at 32 hai with isolate 5874 (AVRa6) and from non-
inoculated control plants (Fig. 2). Labeled copy RNA was prepared from mRNA transcripts 
in the total and polysomal RNA fractions and hybridized to the Barley1 GeneChip® 
oligonucleotide microarray 20. A total of 8 sample types (2 genotypes x 2 treatments x 2 RNA 
fractions) were analyzed for each of three independent biological replications (Fig. 2). The 
raw data were deposited in the Plant Expression Database (accession number BB72; 
plexdb.org) and the Gene Expression Omnibus (accession number GSE20279; 
ncbi.nlm.nih.gov/geo) 21, 22. The MAS5.0 signals were normalized so the median log-scale 
expression was zero for each of the 24 hybridized GeneChips.  Because the overall ratios of 
polyribosomes to non-polyribsomes were not significantly different among the 8 sample 
types, no additional normalization was necessary. A linear model was used as the basis for 
statistical analysis to identify differentially expressed genes for each contrast statement. The 
mean log2 expression values arising from each contrast statement were assessed for 
significance using SAS 23 to generate p-values.  p-values were then used to compute q-values 
(false discovery rates (FDRs)) 24. The average log2 expression values from these contrasts 
and their associated statistics are available as Supplemental Table 1. 
Accumulation of barley mRNA transcripts is highly correlated in the total and polysomal 
RNA fractions 
To determine the general effects of powdery mildew on the abundance of mRNA 
transcripts in the total and polysomal RNA fractions, Pearson correlation coefficients were 
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generated for the eight pair-wise comparisons (Table 1).  The relatively low correlation 
coefficients (.937 and .932) in the incompatible interaction to powdery mildew inoculation 
are consistent with the more extensive gene expression changes that occur during 
incompatible interactions as has been observed in other studies 4.  The high correlation 
coefficients (0.962-0.970) for the comparisons of total and polysomal RNA fractions isolated 
from the same tissue (Table 1) suggest that powdery mildew does not cause transcription and 
translation initiation to be uncoupled at 32 hai, which is consistent with the ribosomal RNA 
profiling results (Fig. 1). 
Identification of genes that are differentially regulated in response to powdery mildew 
inoculation 
Genes were identified in the resistant genotype whose mRNA transcript abundance 
was altered significantly (5% FDR) in response to powdery mildew in either the polysomal 
or total RNA fraction (Fig. 3A). Approximately 18% of induced and 25% of repressed 
mRNA transcripts in the total RNA population are not shared in common with the polysomal 
RNA fraction suggesting that these mRNAs may be selectively translated. Hierarchical 
clustering was performed to group the genes based on similarity of their expression profiles 
and the results were visualized in the form of a heatmap (Fig. 3B) 25. We selected 1,039 
genes for hierarchical clustering that met the 5% FDR and at least a 4-fold change in 
response to inoculation in either RNA fraction (Fig. 3A and B). Of the 1,039 genes, 447 were 
not shared in common by both fractions (Fig. 3A). Of these genes, 124 had at least a 4-fold 
difference in mRNA transcript abundance between polysomal and total RNA. The typical 
expression profile for these genes is that mRNA transcript levels are strongly induced or 
down regulated in one RNA fraction but do not change in the other (Fig. 3B). These data 
suggest that many genes are differentially translated in response to inoculation. 
Gene Ontology analysis of differentially expressed genes in total and polysomal RNA 
The sets of mRNA transcripts present in total or polysomal RNA that differentially 
accumulated (5% FDR) at 32 hai in the incompatible interaction were analyzed for 
overrepresented functional categories using the MIPS functional categorization tool 26. 
Because Arabidopsis thaliana is the only plant species supported by MIPS, it was necessary 
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to identify barley homologs of A. thaliana genes. The BLASTX program was used to identify 
A. thaliana homologs of the significant barley sequences. This analysis identified an A. 
thaliana sequence corresponding to 84.3% of the significant barley mRNA transcripts, 
whereas rice and Uniprot BLASTX searches identified homologous sequences to 90.0% of 
the barley transcripts. This approach produced functional annotations for 65.7% of the 
Arabidopsis homologs. From that statistical analysis we chose categories with a p-value < 
0.0001 and that were represented by 10 or more genes (Table 2). 
Functional categories of differentially regulated genes observed in both total and polysomal 
RNA during the incompatible interaction 
Our results show that most categories that are significant in the total RNA are also 
significant in the polysomal RNA (Table 2). Interestingly, this study produced more 
significant differentially regulated genes in polysomal RNA. Many of the significant 
functional categories shown here have already been described in some detail in previous 
reports either by functional studies showing effects in powdery mildew resistance (eg. 
vesicular transport, secondary metabolism, ubiquitin/proteasomal degradation) 10, 27-29 or 
mRNA expression profiling of barley to powdery mildew inoculation 4-6. The results 
obtained here are complementary to previous reports and affirm our results for the 
polyribosome-associated mRNAs. Functional categories identified in transcript based or 
functional approaches among genes induced in response to powdery mildew inoculation are 
secondary metabolism, vesicular transport, translational components, defense related 
transcripts, sucrose synthase, sugar transport, TCA cycle, and oxidative stress genes. Many 
of these significant categories contain far more differentially expressed genes in our study 
than have been identified in previous analyses. Fatty acid metabolism is an induced category 
and includes genes involved in fatty acid modification and β-oxidation. Phosphate 
metabolism and modification by phosphorylation are also induced categories, and may be 
part of mitogen-activated protein kinase (MAPK) cascades leading to defense gene 
activation. Among genes induced in polysomal RNA are the homologs AtMkk2 
(Contig24896_at induced 2 fold) and AtMpk3 (Contig5531_at induced 2.25 fold), which 
both make important contributions to pathogen resistance 30, 31. In this study we also 
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identified the induced transcription of alternative oxidase and uncoupling factors, which help 
prevent reactive oxygen species accumulation. 
Photosynthesis was previously shown to be repressed in barley during the 
incompatible interaction with powdery mildew 32.  Our analysis shows photosynthesis, the 
chloroplast, poryphrin metabolism, and photoperception are functions that are 
overrepresented among down-regulated genes (Table 2). A significantly downregulated 
category in this interaction is plant hormonal regulation. Many genes in this category 
specified auxin responsive genes. AtCoi-1 involved in jasmonic acid perception was also 
represented in this category (Contig22790_at repressed 1.6 fold), as well as AtAccelerated-
cell-death-11(Acd11) (Contig10951_at repressed 1.87 fold). Mutation of Acd11 causes 
greater expression of defense related transcripts associated with hypersensitive cell death 33, 
whereas jasmonic acid signaling may repress cell death 34. These genes and others suggest 
the common interplay of salicylic acid (SA), hypersensitive cell death (HR), and jasmonic 
acid in this biotrophic pathogen interaction, wherein SA and HR signaling pathways are 
induced and JA pathways are repressed 35. Interestingly, AtArgonaute1 is a repressed gene in 
this category, and Atago1 mutants have pleiotropic growth defects and are deficient in post 
transcriptional gene silencing 36. RNAi pathways have been shown to be effective against 
both bacterial 37 and viral pathogens 38, however the possible involvement of PTGS in plant-
fungal interactions is not well established and the putative barley ortholog of AtAgo1 
(Contig23021_at) is only repressed by 1.35 fold. 
Functional categories of differentially regulated genes with observable differences between 
total and polysomal RNA fractions during the incompatible interaction 
Our analysis identified 45 genes that were induced in polysomal RNA that are 
associated with proteasomal degradation.  This was considerably more significant than the 28 
genes in this category in total RNA. Previous reports identified no more than a couple of 
genes in this category. GTP binding was also considerably better represented among induced 
mRNAs in polysomal RNA (36 genes) versus those in total RNA (20 genes). Many genes of 
this category specified transport functions. The functional categories of photosynthesis, 
energy, and chloroplast were significantly represented in gene lists from both total and 
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polysomal RNA. However, far more genes in these categories were found in polysomal 
RNA. 
Powdery mildew causes specific changes in mRNA translation 
We next wanted to identify those mRNA transcripts that become differentially 
associated with polysomes in response to powdery mildew. Because most mRNAs associated 
with polysomes are expected to be actively translated, we consider these to also be 
differentially translated. As a first step, we determined the translation efficiency of each 
mRNA in each genotype and treatment type by contrasting mRNA transcript levels in the 
polysomal (poly) RNA fraction to the total RNA fraction. A total of 4,261 mRNAs were 
identified at the 5% FDR cutoff that did not have similar abundance in total and polysomal 
RNA fractions in one or more of the treatment/genotype combinations (Table 3). mRNAs 
that had high expression levels in polysomal RNA and total RNA are considered to be well 
loaded onto polysomes (WL), whereas those with relatively low expression levels in 
polysomal RNA versus total RNA were considered to be poorly loaded (PL) onto polysomes. 
We found 115 WL mRNAs and 258 PL mRNAs across all treatment/genotype combinations 
(Supplemental Table 2). 
To identify sets of genes that were differentially associated with polysomes at 32 hai 
in the incompatible interaction, we plotted the log2 average of the poly/total ratios in non-
inoculated and inoculated conditions on the same graph for the 3,128 mRNAs of the resistant 
genotype that were either well represented in polysomes or underrepresented in polysomes at 
a 5% FDR (Fig. 4). This analysis shows similar numbers of mRNAs are enhanced or 
repressed in their association with ribosomes. Similar results occur in the susceptible 
interaction (data not shown). Together, these data suggest that while association of most 
mRNAs with polysomes is unaffected by inoculation, there are subsets of mRNAs that are 
uniquely translationally regulated in response to inoculation and/or that are differentially 
translated between compatible and incompatible interactions. 
To identify barley mRNAs that were translated at different rates of efficiency 
following powdery mildew inoculation, the ratio of mRNA transcripts in the total versus 
polysomal RNA fraction were calculated for each genotype/treatment combination. These 
ratios were then compared to identify mRNAs that had significantly altered ratios due to 
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treatment and/or genotype effects. Most of the mRNAs identified with high or low rates of 
translation were not significantly differentially translated by powdery mildew inoculation. 
Many of these mRNAs maintained a constant level of translational efficiency across all 
treatment and genotype interactions. However, there are exceptions. Of 195 mRNAs that are 
WL during inoculation in both compatible and incompatible interactions (Table 3), 19 are 
uniquely regulated in response to inoculation (Supplemental Table 3). This result suggests 
that the translation efficiency of a subset of mRNAs is uniquely affected by powdery mildew 
inoculation. Further evidence that inoculation affects host translation efficiency comes from 
the observation that 2 mRNAs in the incompatible, and 4 mRNAs in the susceptible genotype 
have an opposite pattern of ribosome loading, being WL in one treatment and PL in the other 
(Table 3). By relaxing the FDR to 20%, 89 and 244 mRNAs are identified in the 
incompatible and compatible interactions, respectively, that have reversed association with 
polysomes at 32 hai (Fig 4C, gene list Supplemental Table 4)). When the compatible and 
incompatible interactions were compared directly, 37 mRNAs were identified that exhibit a 
reversal in ribosome loading behavior at 32 hai in both the compatible and incompatible 
interactions (20% FDR) (Supplemental Table 3). The results of this analysis identify mRNAs 
that are WL or PL in barley leaf tissue as well as those mRNAs whose translational 
efficiency is specifically regulated by inoculation and/or infection. 
Gene ontology analysis of differentially translated mRNAs 
As shown in Table 3, mRNAs that were differentially translated in non-inoculated 
and inoculated samples of both the resistant and susceptible genotypes were selected (5% 
FDR; Table 3) for MIPS analysis as conducted above (Table 2). Functional categories were 
determined to be significant if they were represented by 10 or more genes and had a p-value 
of < 0.0001. For the resistant genotype, some functional categories containing genes that 
were significantly induced in response to inoculation also exhibited enhanced association 
with polyribosomes at 32 hai. These gene function categories include protein modification by 
phosphorylation, transport facilities, and interaction with the environment. In contrast to 
above results, the functional categories of amino acid metabolism, protein degradation, sugar 
catabolism, transport, detoxification (Table 2), and peroxisome (10 genes p-val 0.0007) are 
all significantly induced categories, yet display overrepresentation of mRNAs that are less 
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efficiently recruited to ribosomes following powdery mildew inoculation. These may 
represent genes that require a significant up-regulation to counter deficiencies in translation 
initiation. 
In the resistant genotype, the significantly downregulated categories chloroplast, 
photosynthesis, photoperception and response, and glycolysis and gluconeogenesis (Table 2) 
also contain among them many mRNAs that have repressed association with polysomes 
following powdery mildew inoculation. 
Functional categories unique to the susceptible genotype with enhanced association 
with polyribosomes included endoplasmic reticulum, protein transport, and apoptosis. Of the 
four gene lists presented in Table 3, the stress response category was uniquely insignificant 
among mRNAs more efficiently translated following inoculation in the susceptible genotype. 
Unique to mRNAs that were repressed in their association with polysomes at 32 hai in the 
susceptible genotype are the categories of ATP binding and complex cofactor/vitamin 
binding. 
Analysis of the sequence features of differentially translated barley genes 
The sequence features of mRNAs affect their interactions with the translation 
initiation factors and their recruitment to ribosomes.  In the eudicot A. thaliana, translation 
efficiency has been correlated with the following features: the lengths of the 5’ UTRs, 3’ 
UTRs, and ORFs; the mono- and di-nucleotide composition of the 5’ UTR, the secondary 
structure of the 5’ and 3’ UTRs, upstream AUGs, and the initiation codon context 39.  We 
hypothesized that one or more of these sequence features might affect the association of 
barley mRNAs with polyribosomes at 32 hai. To test this hypothesis, we identified mRNAs 
that were well associated with polysomes in one treatment (inoc or non-inoc) and 
simultaneously poorly associated with polysomes in the other treatment. The 20% FDR 
cutoff was used, which yielded 46 and 152 mRNAs that had enhanced association with 
polysomes in the incompatible and compatible interactions, respectively (Supplemental Table 
4). In addition, 59 and 92 mRNAs had reduced association with polysomes following 
inoculation in the incompatible and compatible interaction (Supplemental Table 4). Because 
complete sequence information is lacking for many barley genes, a rice ortholog was 
identified for each. The rice orthologs were then analyzed for sequence features that were 
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over or under-represented (Table 5).  Rice orthologs were identified for all the probesets on 
the Barley1 GeneChip oligonucleotide microarray, and equal numbers of genes were 
randomly sampled 10,000 times without re-selection in comparisons with each of the four 
sets of differentially translated genes. Sequence features with p-values below 0.0250 were 
considered to occur significantly less than expected and those above 0.9750 were considered 
to occur more frequently that expected. Because two of these lists have a low prevalence of 
5’ and 3’ UTR annotation (Table 5A), we eliminated potential biases by only sampling 
mRNAs that contained the queried element(s). 
mRNAs with enhanced translation efficiency at 32 hai were associated with shorter 5’ 
UTRs, shorter combined 5’ and 3’ UTR lengths, short coding sequence and mRNA length 
(Table 5A). Significantly fewer than expected A and T nucleotides are present in the 5’ 
UTRs of these mRNAs, while C is more common than expected.  In accordance with this 
observation, CC and CG di-nucleotides were more prevalent than expected, while AT, TG, 
TT, and CA di-nucleotides were observed significantly less frequently than random. 
The 92 mRNAs that had reduced association with polysomal RNA at 32 hai in the 
compatible interaction had greater than expected GG di-nucleotides in the 5’ UTR.  G and 
GG sequences may cause greater secondary structure formation that can impede 5’ ribosomal 
scanning 40.  However, over the length of the 5’ UTR secondary structure was not 
significantly different than normal for this group using UNAFold 41 (data not shown). 
mRNAs that were differentially translated in the resistant genotype had fewer annotated 5’ 
and 3’ UTRs, which hindered the statistical analyses. However, we did observe that the 
group of genes with enhanced association with polysomes was correlated with significantly 
fewer TT sequences in the 5’ UTR. 
Because the sequence context of the initiation context influences translation initiation 
42, we tested whether the nucleotide composition surrounding the A+1UG start codon deviates 
for the consensus codon context for rice 43 in the four groups of differentially translated 
mRNAs. The nucleotide base composition of these mRNAs was evaluated from the -10 to 
+10 positions using the same approach as described above. In particular the -3 to +5 sites 
exhibit the strongest influence over the translation initiation site in eukaryotes 44-46. These 
sites correspondingly exhibit the highest selective frequency among all base positions from -
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10 to +10 in rice (excluding the A+1UG) generating a -4 to +5 consensus of 
(A/G)(A/C)(G/C)A+1UGGC 43. Single capitalized nucleotides represent a frequency greater 
than 50% among the four bases and a G/C, for instance, represents G as the highest 
frequency with the G+C nucleotides adding up to greater than 75% of the frequency. At the 
+4 position mRNAs less efficiently translated following inoculation in the susceptible 
genotype showed a much weaker preference for G. At the +5 position C is of significantly 
lower representation among mRNAs favoring ribosome loading in the inoculated condition 
among both genotypes, though the susceptible genotype has a low p-value associated with C, 
and the resistant genotype a significantly high p-value for A. At the -4 position significant p-
values were produced among both genotypes among mRNAs that were associated with 
repressed loading during inoculation, with strong discrimination against a U at this position 
and stronger preference for G in the susceptible genotype. At the +11 site of both groups of 
selectively translated mRNAs the susceptible genotype shows a strong discrimination against 
C, changing the consensus from a C to A at this position. 
Discussion 
The differential accumulation of host mRNA transcripts is commonly observed 
during plant-pathogen interactions. mRNA expression profiling studies have led to the 
identification of genes with specific roles in plant resistance providing key evidence that 
induction and repression of mRNA levels are critical to the outcome of these interactions. 
Most studies in which gene expression has been investigated have focused on the mRNA 
transcript abundance in total RNA populations and on transcriptional control 47. In contrast, 
relatively few studies have evaluated the effects of plant-pathogen interactions on the 
translation of host mRNAs. Recent studies that have examined mRNA transcript abundance 
in parallel in total and polysomal RNA fractions have shown that mRNA translation can be 
influenced by cell type, developmental stage, and response to stresses 16-19. Here, we have 
investigated the effects of a plant pathogen, powdery mildew, on mRNA transcript 
abundance in total and polysomal RNA at 32 hai in compatible and incompatible 
interactions. Our results show that there is an overall good correlation between barley mRNA 
transcripts in the polysomal and total RNA fractions at 32 hai. This observation suggests that 
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the transcriptome and translatome are very closely co-regulated at this time point. 
Nevertheless, our analyses suggest that abundance of as many as 14% of mRNAs does not 
correspond in polysomal and total RNA regardless of treatment or barley genotype. In 
addition, we found that some mRNA transcripts were differentially associated with 
polysomes (i.e. differentially translated) at 32 hai as exemplified by 284 mRNAs that show a 
four-fold difference in translational regulation dependent on inoculation or host genotype 
(5% FDR). Gene set enrichment analysis identified similar functional categories among 
induced or down regulated genes in polysomal and total RNA. Gene set enrichment analysis 
also showed that mRNAs that were differentially translated were enriched for specific 
functions. Finally, particular sequence features were correlated with differentially translated 
mRNAs at 32 hai. This study demonstrates that unique patterns of translational control exist 
in the plant defense to powdery mildew. 
The accumulation of mRNA transcripts of many genes is altered at 32 hai in 
incompatible and or compatible interactions in both polysomal and total RNA. However, 
overall ribosomal RNA profiles were not significantly altered, which indicated that there is 
not major inhibition or activation of barley translation at this time (Fig. 1B).  Abiotic stresses 
including hypoxia, dehydration stress, salinity, and amino acid deprivation have been shown 
to cause translational inhibition 15-17, 48.  It is hypothesized that translation is inhibited under 
these conditions in order to down regulate non-essential processes and conserve cellular 
energy.  This hypothesis is supported by the observation that declining ATP levels correlate 
with translation inhibition in Arabidopsis plants during hypoxic stress 16. Regarding biotic 
stress, a study of maize leaves separately infected with Bipolaris maydis races T and O, 
Bipolaris zeicola, and Exserohilum turcicum led to measurable translational inhibition by 48 
hai, whereas translation was similar to healthy controls after infection by Colletotrichum 
graminicola and the non-pathogenic Phoma sp. 49. Translational inhibition in response to 
infection by these pathogens correlated with the extent and onset of disease symptoms. At 32 
hai with powdery mildew disease symptoms are mild, consistent with this finding. 
In soybean suspension cells, polyribosome profiles are altered dramatically following 
syringolide elicitor treatment of cells carrying the Rpg4 resistance gene, which was in 
contrast with the cells of a rpg4 genotype that do not respond to syringolide.  There was a 
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22% inhibition of translation in response to 5 µM syringolide in Rpg4 cells, whereas rpg4 
cells showed no change in polyribosome profile 50.  This effect of syringolide in Rpg4 cells 
occurred prior to the onset of the hypersensitive response (HR), which led to the conclusion 
that translation inhibition was independent of the HR. In the presence of 200 µM syringolide, 
a far greater repression in translation initiation occurred than was seen at the lower 5 µM 
concentration, and 87% of the cells examined had undergone the HR at the same time point.  
Because the HR inhibits translation in soybean, we presume translation is inhibited in the 
cells that undergo the HR in the incompatible interaction of barley with powdery mildew 
studied here.  In our study no significant difference in polyribosome profile was observed at 
32 hai in the incompatible interaction. In the resistance response mediated by Mla6, the onset 
of HR can be observed at 14 hai by microscopic observation of auto-fluorescent epidermal 
cells in direct contact with fungal spores 3, 9, 51. Our analysis involved the collection of whole 
leaf tissue and did not enrich for epidermal cells. Therefore, it is likely that a low proportion 
of incompatible host cells that were represented in our samples were undergoing HR. This 
sampling strategy may be the reason that no significant change was found in the 
polyribosome profiles from the incompatible interaction at 32 hai. However, it is interesting 
that mRNAs differentially accumulate in response to inoculation are readily detected in both 
polysomal and total RNA. 
Microarray analysis of the polyribosomal RNA fraction shows genes previously identified 
in powdery mildew defense 
Consistent with the ribosomal RNA profiles, many mRNA transcripts that were 
strongly induced in response to inoculation in total RNA were also shown to be induced in 
polysomal RNA and thus appear to be efficiently translated. Previous mRNA transcript 
profiling studies of incompatible interactions between barley and powdery mildew have 
shown that defense related transcripts and genes involved in the secretory pathway are 
induced 4-6, 52.  Our results show that genes with functions in the secretory pathway and other 
resistance (R) gene associated defense responses, including the categories immune response, 
oxidative stress and detoxification, and secondary metabolism are induced in both total and 
polysomal RNA. Another common observation during R-gene mediated defenses is the 
decreased accumulation of mRNA transcripts of genes associated with photosynthesis and 
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chloroplast functions 53. We observed that the gene function categories of photosynthesis and 
chloroplast were significantly overrepresented among down regulated genes. Interestingly, 
genes possessing functions in sugar catabolism and respiration were among induced genes 
suggesting that as photosynthesis becomes down regulated during defense that respiration is 
increased for cellular energy production. The use of polysomal RNA provides more direct 
evidence that the protein abundance of genes in these functional categories is affected during 
the incompatible response and further supports their involvement in powdery mildew 
defense. 
A striking finding was the number of mRNA transcripts that were up regulated in the 
categories of ribosome biogenesis and proteasomal degradation. The ribosome biogenesis 
category is represented primarily by 54 genes encoding ribosomal proteins (RPs), which are 
components of the small and large subunits of the cytosolic 80S ribosome. The proteasomal 
degradation category is represented primarily by 45 genes encoding components of the 26S 
proteasome and the ubiquitin pathway. Gene expression studies based on the mRNA 
transcript abundance in the total RNA have frequently shown that incompatible R-gene-
mediated responses cause robust changes in the accumulation of mRNA transcripts. The 
robust gene expression changes suggest that extensive reprogramming of host cell functions 
occurs during incompatible interactions. To facilitate this reprogramming, it may be 
necessary for host cells to upregulate expression of genes involved in protein synthesis and 
turnover. The induction of RPs could be involved in an increased protein production 
capacity. The roles of translational components, such as RPs, have received little attention in 
incompatible plant-pathogen interactions. However, the mRNA abundance of RPs increases 
in A. thaliana in the compatible interaction with root knot nematode and during the rapid 
accumulation of TuMV 54, 55. After defense responses are activated, it may be necessary for 
host cells to quickly eliminate host proteins that do not act coordinately with the new defense 
program in order to properly activate resistance to powdery mildew. In addition, the 
elimination of misfolded proteins or the need to degrade unnecessary proteins may also be 
significant reasons for increased expression of protein degradation machinery. 
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Gene enrichment analysis of differentially translated genes responding uniquely to 
inoculation 
For the incompatible interaction, the mRNA transcripts of genes in many functional 
categories that were significantly differentially expressed in response to inoculation also have 
significantly altered association with polysomes at 32 hai (Tables 2 and 4). The gene function 
categories protein modification by phosphorylation, transport facilities, and interaction with 
the environment were significantly induced in response to inoculation also exhibited 
enhanced association with polysomes. The recruitment of these mRNA transcripts to the 
ribosome is presumably well adapted to the physiological condition of the host cells during 
the incompatible interaction. Hypoxic shock in A. thaliana causes a general inhibition of 
translation. Despite this fact, mRNA transcripts that become highly induced in response to 
hypoxia stress are more often associated with the polyribosomal fraction than are non-
induced or weakly induced transcripts 16. Categories repressed in response to powdery 
mildew that were also less efficiently associated with polysomes were chloroplast, 
photosynthesis, and photoperception and response (Table 2). These categories should reflect 
a sharp decrease in the protein levels of these genes and loss of autotrophic activity during 
this incompatible response. 
Categories induced in response to powdery mildew that are less favorably translated 
include amino acid metabolism, protein degradation, sugar catabolism, transport, and 
detoxification. As these genes are induced in the polysomal RNA fraction we would presume 
that the protein levels of these genes are increased following inoculation. The ribosome 
loading efficiency suggests that these mRNAs may not be specifically adapted for efficient 
translation under these physiological conditions and so rely more heavily on transcriptional 
regulation. 
Functional categories were found to be unique to the susceptible genotype in this 
analysis. This observation demonstrates that association of these mRNAs with polysomes is 
also influenced differently in compatible versus incompatible interactions. These categories 
with enhanced association with polyribosomes included endoplasmic reticulum, protein 
transport, and apoptosis. Inhibited translational efficiency of stress response genes may be 
associated with host ability to mount effective responses against powdery mildew. It will be 
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interesting to examine the mechanisms by which the above classes of mRNAs are selectively 
translated. 
Common sequence features of host mRNAs that are selectively translated to powdery 
mildew inoculation 
We chose genes for sequence analysis encoding mRNAs that were poorly associated 
with polyribosomes in one treatment (inoc or non-inoc) and well associated with 
polyribosomes in the other using rice orthologs and rice genome sequences to conduct these 
tests. A 20% FDR cutoff was applied, which yielded 46 and 152 mRNAs that had enhanced 
association with polysomes in the incompatible and compatible interactions, and 59 and 92 
mRNAs that had reduced association with polysomes following inoculation in the 
incompatible and compatible interaction. Analyses of these sequences enabled us to correlate 
sequence features with differential translation in response to powdery mildew inoculation. 
The number of significant p-values obtained for the set of 152 mRNAs was more significant 
than the other three groups, which was expected due to the lower numbers of mRNAs in 
these groups (92, 59, 46). The 59 and 46 selectively translated mRNAs of the resistant 
genotype were further affected in 5’ and 3’ UTR analyses as these mRNAs had significantly 
few annotated 5’ and 3’ UTR sequences. 
mRNAs with enhanced translation efficiency in the compatible interaction were 
associated with shorter 5’ UTRs, shorter combined 5’ and 3’ UTR lengths, short coding 
sequence and mRNA length (Table 5A). This correlation favoring short feature length may 
indicate powdery mildew inoculation affects host translation elongation. In this gene list, 
significant mono and di-nucleotide frequencies in the 5’ UTR were also found. 
The 92 mRNAs that had reduced association with polysomal RNA at 32 hai in the 
compatible interaction had greater than expected GG di-nucleotides in the 5’ UTR.  Guanines 
are associated with greater secondary structure formation that can impede 5’ ribosomal 
scanning 40. 5’ UTR free energy was analyzed as a function of the entire 5’ UTR and was not 
significant among this group of mRNAs. It may be possible that specific regions with the 5’ 
UTR of these mRNAs contain secondary structure that led to a greater inhibition of ribosome 
scanning during inoculation. 
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Analysis of the initiation codon context of these mRNAs showed subtle changes from 
the rice consensus sequence. These bioinformatic analyses will allow us to generate 
hypotheses and design experiments to test the significance of these correlations and help to 
establish mechanisms by which powdery mildew inoculation and infection affect the 
regulation of host translation. 
Conclusions 
The use of both polysomal and total RNA fractions for gene expression profiling 
provided us with insight into the relationships between overall mRNA transcript abundance 
and translation status. Polysomal RNA provided a greater number of differentially expressed 
genes than the total RNA fraction in this study and confirmed the ribosomal recruitment of 
many classes of defense related transcripts. Significantly overrepresented ontological terms 
from differentially expressed genes of the total and polysomal RNA fractions yield highly 
overlapping results. However, comparisons of transcripts altered by over a 4-fold change in 
abundance in either RNA fraction shows that as many as 10% of transcripts are incorrectly 
identified or fail to be identified in the total RNA fraction. Other transcript profiling analyses 
of plant-pathogen interactions may likely be affected in a similar manner, and selective 
mRNA translation would likely contribute to higher failure rates in subsequent functional 
analyses testing specific genes for roles in plant-pathogen resistance. Functional 
categorization of selectively translated mRNAs shows some overrepresented categories that 
are also common among highly induced and repressed genes, suggesting intriguing co-
regulatory networks. Sequence feature analyses of mRNAs selectively recruited to ribosomes 
in the compatible interaction were found to be strongly correlated with decreased length and 
significantly altered mono and dinucleotide frequencies. These correlations may be used in 
future studies to determine how such features influence translation efficiency following 
powdery mildew inoculation. 
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Experimental 
Plant material, growth conditions, and fungal isolate 
The resistant barley line CI16151 (Mla6) and the susceptible barley line CI16151 
m9472 (mla6), which is a fast neutron mutant that contains a deletion in the Mla6 resistance 
gene were used in this study. Seed of these lines were sown in sterilized potting soil in 20 x 
30 cm flats and placed in a greenhouse with supplemental lighting added to provide 16 hours 
of light. The Blumeria graminis f. sp. hordei (Bgh) isolate 5874 (AVRa6) 56, 57 was propagated 
on barley cv. Manchuria (CI23320) in a growth chamber at 18˚C with a 16 hr light/8 hr dark 
cycle. At 7 days after sowing, and 1 hr before the start of the dark cycle, barley plants were 
inoculated with spores of isolate 5874 or control plants were not inoculated according to 
Caldo et al. (2006) 5. The plants were then placed inside the same growth chamber, and at 32 
hai, all plant tissue above the soil was removed and frozen immediately in liquid nitrogen. 
Polyribosome profiling 
Polyribosomes were purified for profiling according to Skadsen and Jing (2008) 19. 
All steps were carried out at 4 ˚C. Polyribosomes (1.2 A260 units) were applied to 10-40% 
linear sucrose gradients and centrifuged for 3 h at 61,000g at slow acceleration and no brake 
with a SW41Ti Beckman rotor. Fluorinert FC-40 (Teledyne Isco. Co., Lincoln, NE) was 
pumped into the bottoms of the gradient tubes with a Harvard Apparatus compact infusion 
pump at 2.2 cc/min. Polyribosome A254 units were monitored as the gradients passed through 
an ISCO dual beam optical unit and traced with an ISCO UA-5 optical unit. 
RNA isolation, target mRNA labeling and GeneChip hybridization 
Total RNA was isolated using a hot (60˚C) phenol/guanidine thiocyanate method 4. 
Polyribosomal RNA was isolated according to Skadsen and Jing 19. RNA species in the total 
and polysomal RNA fractions were purified further using the RNeasy Midi kit (Qiagen, 
Valencia, CA). RNA concentration and quality was assessed with a NanoDrop 
spectrophotometer (NanoDrop Technologies, Wilmington, DE, U.S.A.) and a RNA 
Nanochip on a 2100 Bioanalyzer (Agilent Technologies, Inc., Palo Alto, CA, U.S.A.).  
Labeling, hybridization, and scanning were all performed at the Iowa State University 
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GeneChip Facility (biotech.iastate.edu/facilities/genechip/Genechip.htm). Labeled copy 
RNA was synthesized from 5 µg of RNA using the GeneChip® One-Cycle Target Labeling 
and Control Reagents kit (Affymetrix, Santa Clara, CA, USA) according to manufacturer 
instructions. RNA samples were processed in random order to avoid biases that can be 
introduced by hybridization and wash queue positions. Washes were performed according to 
the EukGE-WS2v5_450 protocol, and microarrays were scanned with a GCS3000 7G 
scanner (Affymetrix, Inc.). 
Microarray Data Analysis 
MAS5.0 signal intensities were converted to log2 values and each GeneChip was 
normalized to a median log-scale expression value of zero.  Each gene was modeled as a 
linear function of RNA composition (total and polysomal RNA), inoculation or non-
inoculation, genotype, the interactions of these terms, fixed replication effects, and random 
effects.  The model also contained an additional term accounting for the correlation from 
observations of the same sample (polysomal is a subset of total RNA and derived from the 
same sample) and replication. Estimate statements in SAS were used to obtain p-values of 
interest and these p-values were used to derive q-values (FDR) in R using the method of 
Storey and Tibshirani 58. Hierarchical clustering of differentially expressed genes (Fig. 3B) 
was conducted using the average linking function of the Cluster 3 program 25, and the results 
were visualized using Java Treeview 59.  Scatterplots were constructed with the R statistical 
computing software version 2.7.0 (r-project.org).  
Sequence feature analysis  
Connection between barley probe sets and rice gene models was extracted from 
HarvEST (harvest.ucr.edu). Statistical significance for the over or under-representation of 
features was evaluated by performing 10,000 bootstrap selections of randomly chosen gene 
sets of equal size as the probe set list for each of the analyses described in Results.  Two-
tailed p-value distributions were produced for each query, with significance associated with 
p-values less than 0.025 or greater than 0.975 for under or over-representation of a given 
feature. All bootstrapping was performed using Python scripts (python.org).  Sequence 
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information for rice (version 6.0) was obtained from the MSU Rice Genome Annotation 
Project Database (rice.plantbiology.msu.edu). 
Data Access 
Data and detailed protocols from these experiments are available for access in 
PLEXdb (plexdb.org) under accession number BB72. The results can be analyzed online 
using tools in PLEXdb or directly downloaded.  Data from this experiment have also been 
deposited at the Gene Expression Omnibus (GEO) with accession number GSE20278 
(ncbi.nlm.nih.gov/geo/). 
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Figure 1. Barley polyribosome profiles in compatible and incompatible interactions at 32 hai. A. Representative 
polyribosome profiles from one biological replication are shown.  B. The ratios of polyribosomal (dimers and 
larger) to non-polyribosomal (40s, 60s, 80s) complexes were compared among five biological replicates, 
demonstrating no significant differences. The bars represent +/- standard error. 
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Figure 2. Experimental design.  Two genotypes were used to distinguish compatible and incompatible 
interactions with powdery mildew isolate 5874. These experiments utilized the 32 hai time point when gene 
expression changes become markedly different between compatible and incompatible plants. The inset 
photographs depicting fungal spores were taken at 48 hai to emphasize differences in fungal infection, and plant 
pictures were taken 7 days after inoculation to illustrate powdery mildew disease symptoms in the compatible 
genotype in contrast to the incompatible genotype. 
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Figure 3. Comparison of transcript abundance in the total and polysomal RNA fractions in response to powdery 
mildew inoculation. A. Venn diagram depicting pathogen induced and repressed genes in the incompatible 
Mla6 genotype in the total and polysomal RNA fractions at a 5% FDR without fold change requirement. (poly 
RNA=polysomal RNA) B. Hierarchical gene clustering of genes with a 4-fold difference in expression due to 
pathogen inoculation in either the total or polysomal RNA fractions and with 5% FDR support. The colorbar is 
of log2 expression values ranging from -3 to 3, corresponding to up to an 8-fold repression (green) or induction 
(magenta). The first column is the pair-wise comparison of the polysomal RNA fractions from inoculated and 
non-inoculated samples, while the second column is the same pair-wise comparison using the total RNA 
fraction. 
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Figure 4. Scatterplot diagram showing the effect of pathogen inoculation on mRNA translational efficiency in 
the incompatible genotype. Selectively translated mRNAs of the incompatible genotype were identified through 
the comparison of the polyribosomal and total RNA fractions derived from the same tissue and selected by a 5% 
FDR cutoff. The log2 average contrasting the polyribosomal (poly) and total RNA fractions in the non-
inoculated condition is represented on the y-axis, while inoculation is contrasted on the x-axis. The diagonal line 
represents a perfect correlation between the translational efficiency in inoculated and non-inoculated conditions, 
while closer proximity to one axis denotes higher mRNA translation efficiency for that specified axis. Colors 
indicate either greater than 2-fold or 4-fold difference in the poly/total ratios in the inoculated and non-
inoculated conditions. 
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Figure 5. mRNAs selectively translated by pathogen inoculation in the compatible and incompatible genotypes. 
Probesets showing a reversal in their ribosome loading behavior following pathogen inoculation were selected 
according to a 20% FDR and used in hierarchical clustering. A. The compatible genotype shows the difference 
in polyribosomal and total RNA log2 estimates (versus poly/total ratio) derived from the same tissue in 
inoculated (left column) and non-inoculated conditions (right column).  The colorbar scale is from -3 to 3 in 
log2 values, corresponding to an 8-fold change specifying well loaded genes in green and poorly loaded genes in 
magenta. B. Incompatible genotype as in A. 
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Table 1. Pearson correlation coefficients show that mRNA transcript abundance in total and polysomal RNA 
fractions are strongly correlated. 
Genotype Total RNA: 
Inoc vs. 
Non-inoc
Poly RNA: 
Inoc vs. 
Non-inoc
Inoc: Total 
vs. Poly 
RNA
Non-inoc: 
Total vs. 
Poly RNA
CI16151 (Mla6 ) 0.937 0.932 0.970 0.964
CI16151 mla6-m9472 0.970 0.961 0.970 0.962
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Table 2. Results of MIPS functional categorization shows differentially expressed genes to pathogen inoculation 
are highly similar between the polysomal and total RNA fractions. MIPS analysis was conducted with 
Arabidopsis orthologs to barley differentially expressed genes in the total RNA and polysomal RNA fractions 
of the incompatible genotype in response to pathogen inoculation. This table does not include any category 
represented by fewer than 10 genes and with p-value support of < 0.0001. Up=induced to Bgh; Down=repressed 
to Bgh.  Below each column heading is the number of probesets representing each category and in parentheses 
the number of corresponding Arabidopsis orthologs obtained from HarvEST (supported by a BLASTX E-score 
of < 0.0001) that also had annotation(s) in MIPS. 
MIPS FUNCTIONAL CATEGORY Poly Up 2459 (1586)
Total Up 
1968 (1341)
Poly Down 
3034 (1957)
Total Down 
1776 (1184)
01 Metab. 460 404 474 300
01.01 amino acid metab. 62 53 39 25
01.01.09 metab. of the cysteine - aromatic group 25 24 20 12
01.02 nitrogen, sulfur and selenium metab. 21 16 17 12
01.03 nucleotide/nucleoside/nucleobase metab. 49 38 51 29
01.03.04 pyrimidine nucleotide/nucleoside/nucleobase metab. 12 10 4 2
01.03.16.01 RNA degradation 11 7 3 3
01.04 phosphate metab. 167 146 160 106
01.05 C-compound and carbohydrate metab. 137 129 167 108
01.05.02 sugar, glucoside, polyol and carboxylate metab. 70 71 80 55
01.05.02.01 nucleotide-sugar metab. 22 19 19 12
01.05.02.07 sugar, glucoside, polyol and carboxylate catab 14 13 12 8
01.06 lipid, fatty acid and isoprenoid metab. 69 57 76 47
01.06.02 membrane lipid metab. 10 8 20 16
01.06.05 fatty acid metab. 15 14 10 6
01.07 metab. of vitamins, cofactors, and prosthetic groups 32 32 39 23
01.20 secondary metab. 64 60 36 26
01.20.19 metab. of secondary products derived from gly, L-ser and L-ala 7 5 12 9
01.20.19.01 metab. of porphyrins 4 4 12 9
02 Energy 52 44 77 40
02.01 glycolysis and gluconeogenesis 10 8 11 10
02.13 respiration 14 13 6 2
02.30 photosynthesis 1 1 33 15
12 Protein Synthesis 134 100 40 17
12.01 ribosome biogenesis 106 80 19 4
12.01.01 ribosomal proteins 54 42 9 3
12.04 translation 121 88 32 10
14 Protein Fate 284 239 264 162
14.01 protein folding and stabilization 35 30 22 11
14.04 protein targeting, sorting and translocation 27 24 15 10
14.07 protein modification 169 151 189 118
14.07.03 modification by phosphorylation 101 88 107 68
14.13 protein/peptide degradation 81 57 81 49
14.13.01 cytoplasmic and nuclear protein degradation 45 28 36 19
14.13.01.01 proteasomal degradation 45 28 36 19
16 Protein with Binding Function or Cofactor Requirement 533 426 573 350  
166 
Table 2. (Continued) 
MIPS FUNCTIONAL CATEGORY Poly Up 2459 (1586)
Total Up 
1968 (1341)
Poly Down 
3034 (1957)
Total Down 
1776 (1184)
16.01 protein binding 257 206 206 128
16.03 nucleic acid binding 77 56 178 122
16.17 metal binding 71 61 120 70
16.19 nucleotide/nucleoside/nucleobase binding 156 114 124 66
16.19.03 ATP binding 103 84 93 49
16.19.05 GTP binding 36 20 17 12
16.21.07 NAD/NADP binding 10 8 8 5
18 Regulation of Metab. and Protein Function 48 44 61 43
18.01.01 regulation by modification 28 28 45 33
18.02 regulation of protein activity 48 44 60 42
20 Cellular Transport 261 227 200 110
20.01 transported compounds (substrates) 195 174 145 80
20.01.10 protein transport 54 43 14 8
20.01.15 electron transport 74 65 63 34
20.03 transport facilities 56 49 57 31
20.09 transport routes 76 62 33 20
20.09.07 vesicular transport (Golgi network, etc.) 45 36 9 7
30.01.09.11 polyphosphoinositol mediated signal transduction 2 2 9 10
32 Cell Rescue Defense and Virulence 140 116 151 83
32.01 stress response 90 72 114 64
32.01.01 oxidative stress response 26 21 22 11
32.01.03 osmotic and salt stress response 16 14 27 17
32.01.06 cold shock response 25 21 28 20
32.07.07 oxygen and radical detoxification 35 27 29 11
32.07.07.03 glutathione conjugation reaction 11 10 6 2
32.07.07.05 peroxidase reaction 14 8 11 2
34 Interaction with the Environment 123 109 176 114
34.11 cellular sensing and response to external stimulus 115 103 162 102
34.11.01 photoperception and response 13 14 38 21
34.11.03 chemoperception and response 51 49 92 56
34.11.09 temperature perception and response 35 30 38 26
34.11.10 response to biotic stimulus 39 32 21 14
36 Systemic Interaction with the Environment 52 50 80 52
36.20 plant / fungal specific systemic sensing and response 41 40 69 47
36.20.16 plant defense response 15 15 8 6
36.20.18 plant hormonal regulation 28 28 64 43
36.20.18.02 ethylen response 4 5 17 12
36.25 animal specific systemic sensing and response 15 13 19 11
36.25.16 immune response 15 13 17 9
42.04 cytoskeleton/structural proteins 14 7 21 13
70 Subcellular Localization 797 665 930 539
70.02 eukaryotic plasma membrane / membrane attached 57 52 51 33
70.03 cytoplasm 209 151 85 45
70.07 endoplasmic reticulum 54 38 7 5
70.09 intracellular transport vesicles 26 21 5 4
70.16 mitochondrion 216 196 207 112
70.26.03 chloroplast 193 174 405 246
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Table 3. Selectively translated mRNAs showing conserved and unique behaviors to pathogen inoculation and 
between genotypes. mRNAs with significant (5% FDR) high or low polyribosomal/total ratios were compared 
to show the extent of unique or overlapping mRNAs among the genotype/treatment combinations. PL= poorly 
loaded; WL= Well loaded; I=inoculated; N=non-inoculated.  
WL Inoc WL Noninoc PL Inoc
PL 
Noninoc WL Inoc
WL 
Noninoc PL Inoc
PL 
Noninoc
WL Inoc 529
WL Noninoc 336 1501
PL Inoc N.A. 1 923
PL Noninoc 1 N.A. 589 1098
WL Inoc 195 292 1 0 424
WL Noninoc 288 594 2 3 193 1169
PL Inoc 1 3 338 358 N.A. 2 458
PL Noninoc 2 5 552 628 2 N.A. 310 1205
Mla6 mla6-m9472
Mla6
mla6-m9472
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Table 4. MIPS analysis of mRNAs selectively translated in response to pathogen inoculation.  mRNAs showing 
a poly/total ratio that differed following pathogen inoculation by a log2 value > 0.5 and with 5% FDR support 
were selected and Arabidopsis orthologs to these barley transcripts were used in MIPS analysis. MIPS analysis 
was conducted as in Table 2. > = exhibits greater loading efficiency than. The first number represents the 
number of probesets meeting these criteria, while the numbers in parentheses represent the number of 
Arabidopsis genes that correspond to these barley transcripts and have a MIPS annotation(s).  
MIPS FUNCTIONAL CATEGORY Mla6 Inoc > Mla6 
Non-inoc 670 
(493)
Mla6 Non-inoc > 
Mla6 Inoc 1533 
(1210)
mla6-m9472  Inoc 
> mla6-m9472 
Non-inoc 1123 
(845)
mla6-m9472 Non-
inoc > mla6-
m9472  Inoc 922 
(856)
01 Metabolism 148 311 192 226
01.01 amino acid metabolism 13 37 20 22
01.02 nitrogen, sulfur and selenium metabolism 5 20 7 12
01.05 C-compound and carbohydrate metabolism 60 105 68 73
01.05.02.07 sugar, glucoside, polyol and 
carboxylate catabolism
2 15 2 9
01.07 metabolism of vitamins, cofactors, and 
prosthetic groups
7 33 11 21
02 Energy 10 67 26 45
02.01 glycolysis and gluconeogenesis 2 12 2 9
02.30 photosynthesis 1 15 12
02.45 energy conversion and regeneration 1 14 6 11
14 Protein Fate 91 175 130 130
14.07 protein modification 68 114 70 96
14.07.03 modification by phosphorylation 41 55 38 48
14.13 protein/peptide degradation 20 62 40 44
16 Protein with Binding Function or Cofactor 
Requirement
125 340 235 281
16.19 nucleotide/nucleoside/nucleobase binding 29 81 52 78
16.19.03 ATP binding 18 65 32 64
16.21 complex cofactor/cosubstrate/vitamine 
binding
7 11 6 15
20 Cellular Transport 74 155 130 79
20.01 transported compounds (substrates) 61 122 99 59
20.01.10 protein transport 8 13 27 6
20.03 transport facilities 25 44 31 26
32 Cell Rescue Defense and Virulence 50 102 63 74
32.01 stress response 36 72 37 56
32.07 detoxification 12 29 17 13
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Table 4. (Continued) 
MIPS FUNCTIONAL CATEGORY Mla6 Inoc > Mla6 
Non-inoc 670 
(493)
Mla6 Non-inoc > 
Mla6 Inoc 1533 
(1210)
mla6-m9472  Inoc 
> mla6-m9472 
Non-inoc 1123 
(845)
mla6-m9472 Non-
inoc > mla6-
m9472  Inoc 922 
(856)
34 Interaction with the Environment 51 101 59 78
34.11 cellular sensing and response to external 
stimulus
45 97 58 72
34.11.01 photoperception and response 10 27 10 19
40.10.02 apoptosis (type I programmed cell 
death)
2 3 10 1
70 Subcellular Localization 183 603 328 429
70.03 cytoplasm 25 66 59 45
70.07 endoplasmic reticulum 10 12 26 4
70.19 peroxisome 1 10 2 5
70.26.03 chloroplast 43 263 65 197
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Table 5A and B.  Sequence feature analysis of differentially loaded mRNAs.  Rice orthologs corresponding 
with differentially loaded barley genes were identified. mRNAs were compared to randomly generated gene 
sets in a bootstrapping process, giving a 2-tailed p-value distribution. Significance was determined by p-values 
of < 0.0250 or > 0.9750.  A. Significant results from 5’ and 3’ UTR, mRNA, coding sequence (CDS) mono and 
dinucleotide composition, upstream AUG, and intron number presented.  
Question mla6-m9472 IWL/NPL (152)
Mla6  IWL/NPL 
(46)
mla6-m9472 
IPL/NWL (92)
Mla6  IPL/NWL  
(59)
number with 5 UTR 34 (0.0210) 26 (0.0248)
number with 3 UTR 35 (0.0080) 27 (0.0131)
caverage length of 5 UTR & 3 UTR 542.27 (0.0007)
aaverage length of 5 UTR 169.63 (0.0216)
average length of CDS 299.13 (0.0000)
average length of mRNA 1383.1 (0.0000)
aMono & di-nucleotide frequency in 5 UTR
A 0.1909 (0.0017)
C 0.3766 (0.9997)
T 0.1845 (0.0018)
AT 0.0274 (0.0000)
CA 0.0584 (0.0071)
CC 0.1373 (0.9996)
CG 0.1006 (0.9999)
TG 0.0287 (0.0002)
TT 0.0435 (0.0213)
GG 0.0676 (0.9794)
TT 0.0363 (0.0201)
a Sequences with 5 UTR; b Sequences with 3 UTR; c Sequences with both 5+3 UTR 
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Table 5B. Initiation codon context.  The consensus sequence of rice is given. Changes in the differentially 
loaded gene sets are indicated where significant p-values were produced and/or the preferred base deviated from 
the consensus sequence. Nucleotides are presented in bold font when the preferred base change is supported by 
a significant over or underrepresentation of the noted nucleotide(s) represented by the significant p-value in 
parentheses. Upper case designation means the frequency is above 50%, two upper case bases represent that the 
first in the series is more prevalent and the two add up to over 75% of the total frequency. 
 
Position Consensus mla6-m9472  IWL/NPL 
(152)
Mla6  IWL/NPL (46) mla6-m9472  IPL/NWL 
(92)
Mla6  IPL/NWL  (59)
-10 g g A(0.001) a A(0.9972) g
-9 g c U(0.023) u
-8 c g C(0.0205) g G(0.9751)
-7 g c a G(0.0177)
-6 g g U(0.024)
-5 c
-4 g c g G(0.9767) / U(0.0060) g U(0)
-3 (A/G) g
-2 (A/C) A/C U(0.013) A/C U(0)
-1 (G/C) c
AUG AUG AUG AUG AUG AUG
+4 G g G(0.004)
+5 C c C(0.013) c A(0.992) c
+6 g G G G
+7 g
+8 c a C(0.015)
+9 g G/C
+10 g
+11 c a C(0.003) a A(0.993)/C(0)
+12 g g A(0.006)
+13 g
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Supplemental Table 1. Averaged log2 expression values for all contrast statements with associated p-values and 
q-values for all probesets. This data can be accessed at PLEXdb (plexdb.org) under accession number BB72. 
Data from this experiment have also been deposited at the Gene Expression Omnibus (GEO) with accession 
number GSE20278 (ncbi.nlm.nih.gov/geo/).    
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Supplemental Table 2. Probesets with consistent ribosome loading behavior. Two-hundred and fifty-eight 
probesets that were always poorly loaded (PL) and 115 probesets that were always well loaded (WL) across all 
treatment and genotype combinations are represented here. 
258 Always Poorly Loaded 115 Always Well Loaded
Contig10014_at Contig10478_s_at
Contig10022_at Contig10495_s_at
Contig10027_at Contig10738_at
Contig10090_at Contig10771_s_at
Contig10452_at Contig10800_at
Contig10650_at Contig10942_at
Contig10655_s_at Contig10994_s_at
Contig1071_s_at Contig11061_at
Contig10791_s_at Contig11107_at
Contig10808_at Contig11138_at
Contig10829_at Contig11259_at
Contig11074_at Contig11381_at
Contig11163_s_at Contig11522_at
Contig11249_at Contig11864_at
Contig11273_at Contig12065_at
Contig11288_x_at Contig12284_at
Contig11321_at Contig12592_at
Contig11350_at Contig12650_s_at
Contig11489_at Contig12706_at
Contig11540_at Contig12897_at
Contig11540_s_at Contig12938_at
Contig11693_at Contig13989_at
Contig11788_at Contig14024_at
Contig11984_at Contig14285_at
Contig12088_at Contig1431_at
Contig12181_at Contig1437_s_at
Contig12244_at Contig14516_at
Contig12404_at Contig14585_at
Contig12441_at Contig1483_at
Contig12550_at Contig14918_at
Contig13143_s_at Contig14999_at
Contig13256_at Contig1591_s_at
Contig13323_at Contig15950_at
Contig13423_at Contig1604_at
Contig1386_s_at Contig16595_at
Contig13881_at Contig17498_at
Contig13895_at Contig1774_at
Contig14050_at Contig18277_at
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Supplemental Table 2. (Continued) 
258 Always Poorly Loaded 115 Always Well Loaded
Contig14065_at Contig18280_at
Contig14150_at Contig18335_at
Contig14289_at Contig18640_at
Contig14406_at Contig1952_at
Contig14715_at Contig1953_s_at
Contig15045_at Contig19814_at
Contig15074_at Contig20079_at
Contig15376_at Contig2019_s_at
Contig15658_at Contig21308_at
Contig16214_at Contig21395_at
Contig1632_at Contig2279_at
Contig16445_at Contig2412_at
Contig16506_at Contig275_x_at
Contig16602_at Contig2762_at
Contig16901_at Contig2837_at
Contig17541_at Contig3181_at
Contig17647_at Contig3414_s_at
Contig17793_s_at Contig4016_s_at
Contig17867_at Contig4022_at
Contig18234_at Contig4192_at
Contig1852_at Contig4312_s_at
Contig1867_at Contig4345_at
Contig18793_at Contig442_at
Contig18873_at Contig4438_s_at
Contig1892_s_at Contig4520_at
Contig19601_at Contig459_s_at
Contig19855_s_at Contig4727_at
Contig20005_at Contig4773_at
Contig20217_s_at Contig4875_at
Contig20294_at Contig4964_at
Contig20627_at Contig5100_s_at
Contig2087_s_at Contig5296_s_at
Contig21008_at Contig5620_s_at
Contig2111_s_at Contig5985_at
Contig2113_at Contig620_at
Contig2275_s_at Contig6529_at
Contig22906_at Contig6794_at
Contig23198_s_at Contig6991_s_at
Contig2346_at Contig6992_at
Contig23488_at Contig7048_at
Contig23771_at Contig7157_at
Contig23806_at Contig7168_s_at
Contig2402_s_at Contig7244_at  
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Supplemental Table 2. (Continued) 
258 Always Poorly Loaded 115 Always Well Loaded
Contig2403_at Contig7327_at
Contig24126_at Contig7373_at
Contig2416_at Contig7373_s_at
Contig24266_at Contig7730_at
Contig2447_x_at Contig7835_at
Contig24680_at Contig7848_at
Contig2495_s_at Contig7941_s_at
Contig25330_s_at Contig7951_at
Contig2546_at Contig7988_at
Contig2555_at Contig7995_at
Contig25779_at Contig8038_s_at
Contig2663_at Contig8276_at
Contig2670_x_at Contig8326_at
Contig2673_at Contig8899_at
Contig2683_s_at Contig8901_at
Contig2792_s_at Contig9108_at
Contig2915_at Contig940_s_at
Contig2932_at Contig9404_at
Contig2988_s_at Contig9449_at
Contig3054_s_at Contig9699_at
Contig3112_at Contig9767_at
Contig3155_s_at Contig9784_at
Contig3156_s_at EBro01_SQ004_B20_at
Contig3379_at HA26O09r_s_at
Contig3391_at HF17H18r_s_at
Contig3474_s_at HT08D16r_s_at
Contig3526_at HV05F02u_s_at
Contig3574_s_at HVSMEa0012N22r2_at
Contig3596_at HVSMEa0014L12r2_s_at
Contig3675_at HVSMEb0013I11r2_s_at
Contig3746_at HVSMEg0015H13r2_s_at
Contig3750_at HW06C04u_s_at
Contig3751_at HW08B21u_s_at
Contig3801_at rbaal1d15_s_at
Contig3812_at
Contig3857_at
Contig3923_at
Contig3992_at
Contig4073_at
Contig4074_at
Contig4187_at
Contig4206_at
Contig4211_at  
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Supplemental Table 2. (Continued) 
258 Always Poorly Loaded 115 Always Well Loaded
Contig4212_s_at
Contig4288_at
Contig4337_at
Contig4441_at
Contig4515_at
Contig4586_at
Contig4659_at
Contig4671_at
Contig4714_s_at
Contig4722_at
Contig4748_s_at
Contig4805_at
Contig4911_at
Contig4997_s_at
Contig5113_at
Contig5329_at
Contig5487_s_at
Contig5523_s_at
Contig5645_at
Contig5847_at
Contig5870_at
Contig5916_at
Contig5996_s_at
Contig6110_at
Contig6218_at
Contig6308_at
Contig6337_at
Contig6351_at
Contig6411_at
Contig6602_at
Contig6704_at
Contig6708_at
Contig6754_at
Contig6819_at
Contig6871_s_at
Contig6939_at
Contig717_x_at
Contig721_at
Contig721_s_at
Contig7304_s_at
Contig7305_at
Contig7320_at
Contig7377_at  
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Supplemental Table 2. (Continued) 
258 Always Poorly Loaded 115 Always Well Loaded
Contig7484_at
Contig7500_at
Contig7658_at
Contig7861_at
Contig7927_at
Contig7953_at
Contig7958_s_at
Contig8033_at
Contig8068_at
Contig8190_at
Contig8375_at
Contig8484_at
Contig8596_at
Contig875_s_at
Contig8794_s_at
Contig8882_at
Contig8927_at
Contig9000_at
Contig9006_at
Contig9092_at
Contig9107_at
Contig9211_at
Contig9212_s_at
Contig9319_at
Contig935_at
Contig9351_s_at
Contig9357_at
Contig9409_s_at
Contig9432_at
Contig959_x_at
Contig9681_at
Contig9709_s_at
Contig972_x_at
Contig9724_at
Contig9797_at
Contig9954_at
EBem08_SQ004_K18_at
EBem10_SQ004_P21_x_at
EBma03_SQ003_J21_s_at
EBpi01_SQ004_D06_s_at
EBro01_SQ001_C04_at
EBro02_SQ008_C12_s_at
HA13O21r_s_at
HB18O02r_at
HD04N07u_at
HF11O19r_at  
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Supplemental Table 2. (Continued) 
258 Always Poorly Loaded 115 Always Well Loaded
HO03L07S_at
HO08B11S_at
HS05B02u_s_at
HS17I17u_s_at
HS18I10r_s_at
HT11O15u_s_at
HT12G07u_s_at
HU08D12u_at
HU11D20u_s_at
HU12E11u_s_at
HU14O16u_s_at
HV_CEa0009O11f2_x_at
HV_CEa0013E09r2_at
HV_CEb0010C12r2_at
HV_CEb0010H17r2_at
HV10A20u_s_at
HV14K05u_s_at
HVSMEa0002E06r2_s_at
HVSMEa0005O15r2_s_at
HVSMEb0004L16r2_at
HVSMEb0010E16r2_s_at
HVSMEb0013P12r2_at
HVSMEc0006P11r2_at
HVSMEf0015M13r2_s_at
HVSMEg0002E24r2_s_at
HVSMEg0011O17r2_s_at
HVSMEm0003G02r2_at
HVSMEn0009D08r2_at
HVSMEn0019D12r2_s_at
HVSMEn0023O21f_s_at
HW01P03u_s_at
HW02O09u_s_at
HW07E14u_s_at
HW08K10u_s_at
HX08J20r_at
HY09L01u_s_at
HZ50B24r_s_at
HZ62K09r_at
rbaak13h13_s_at
rbaal20l21_s_at
rbags13e14_s_at
rbasd16a13_s_at
X68656_s_at
baal31g17_s_at
basd23g06_s_at
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Supplemental Table 3. Probesets specifically altered in ribosome loading efficiency by inoculation or due to 
genotype. Listing of the 19 probesets uniquely better loaded (higher poly/total) in response to powdery mildew 
inoculation in both host genotypes (5% FDR), and the 37 probesets that showed a reversal in ribosome loading 
efficiency (WL to PL or vice-versa) in response to inoculation in the comparison of the two genotypes (20% 
FDR). 
19 WL to Bgh (5% FDR) Mla6  Inoc WL / mla6-m9472 
Inoc PL (20% FDR)
mla6-m9472  Inoc WL / Mla6 
Inoc PL (20% FDR)
Contig3204_at Contig1721_at Contig10094_at
Contig9692_at Contig10262_at Contig18320_at
Contig4793_s_at Contig12631_at Contig12298_at
Contig3191_at Contig9685_at Contig13024_at
Contig24656_at HF11A03r_at Contig12608_s_at
Contig1995_at Contig19444_at HA16P20r_at
Contig11077_at Contig17185_at Contig10357_at
HV12A17u_s_at HM02G15u_at HVSMEm0006K12r2_at
Contig13473_at HU11O24u_at HS07A14u_x_at
Contig20809_at Contig26104_at Contig24296_at
Contig2249_at Contig25315_at HW05E10u_at
Contig2851_at Contig9093_at HVSMEb0017F04f_at
Contig14531_at Contig11846_at HX11F10r_at
HVSMEk0015A07r2_at HVSMEk0012G16r2_at rbags16o16_at
Contig1271_x_at baak3f15_at
Contig8383_s_at HVSMEi0013G17f_at
Contig7745_at Contig20407_at
Contig7281_at HM08F17r_at
Contig1589_s_at Contig5426_s_at
Contig23672_at
Contig13844_at
AF146272_at
Contig15791_at
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Supplemental Table 4. Probesets used in sequence feature analyses (Table 5A and B) showing reverse ribosome 
loading behavior (WL to PL or vice-versa) in response to pathogen inoculation for both the compatible and 
incompatible genotypes separately (20% FDR). 
mla6-m9472 IWL_NPL (152) Mla6 IWL_NPL (46) mla6-m9472 IPL_NWL (92) Mla6 IPL_NWL (59)
Contig15488_at Contig3144_at Contig23051_at Contig9863_at
HVSMEn0012H13r2_at HVSMEa0013F14r2_at Contig24571_at Contig8866_at
Contig16643_at Contig9567_at Contig14685_at Contig19145_at
HVSMEl0010A03r2_s_at HA28D17r_s_at Contig11420_at HK03B01r_at
Contig4834_s_at Contig12999_at HB08A12r_at Contig1557_at
HVSMEl0006J08r2_s_at Contig6954_at EBed02_SQ002_E13_x_at HVSMEa0004I05r2_at
Contig6011_at Contig23051_at HY10H16u_x_at Contig22935_at
Contig13114_at Contig1721_at Contig22344_at HV04A02u_at
Contig3564_s_at Contig10262_at Contig12184_at AF474982_CDS-2_at
Contig5986_s_at Contig21280_at Contig20407_at HVSMEf0019K16r2_at
Contig1453_at Contig8004_at HM08F17r_at HR01F11u_at
baak29a08_s_at Contig4090_s_at Contig5426_s_at Contig23663_at
Contig8312_at Contig17276_at Contig23672_at Contig14563_at
Contig4003_at Contig19639_at Contig4452_at Contig10967_at
Contig10756_at Contig9624_at Contig8478_at Contig1036_5_s_at
HS06J22u_s_at Contig11903_at Contig23962_at HVSMEm0003G18r2_s_at
Contig4265_s_at Contig17499_at HVSMEl0020J06r2_at Contig7170_at
Contig5143_at Contig15615_x_at S0001100116E08F1_x_at HV_CEb0018K02f_x_at
Contig4511_at AFFX-ThrX-M_at Contig7471_at Contig629_at
Contig6878_at AFFX-r2-Bs-thr-5_s_at Contig5812_at HT08O23u_at
Contig1476_at HZ45N21r_at Contig8930_s_at Contig10197_at
Contig3418_at AFFX-ThrX-3_at Contig25232_at AF146272_at
rbags1b15_x_at HVSMEg0007D18r2_at Contig21749_at Contig15791_at
Contig8238_at Contig14381_at HO04H20S_at Contig15488_at
rbags15p13_s_at HV10P15u_at HVSMEh0089E10r2_x_at HVSMEn0010C12r2_at
Contig24391_at Contig16352_at Contig1966_at HF02I03r_at
Contig9975_at Contig20357_at Contig2324_at EBro08_SQ007_F12_at
Contig10536_at Contig14756_at HVSMEn0016M22r2_at Contig13844_at
EBem09_SQ005_B14_s_at Contig20187_s_at Contig22034_at Contig5433_at
HV05A08u_x_at Contig15314_at Contig12608_s_at HU08M20u_x_at
Contig14749_at HV08D10u_at HA16P20r_at EBpi03_SQ001_J21_at
Contig12234_at Contig11462_at Contig10357_at Contig4348_at
Contig1024_at HD01C09w_s_at HY07I17u_at Contig14238_at
Contig3694_at HV05A20r_at HF13G21r_at Contig13280_at
Contig13100_at EBro08_SQ006_C06_at Contig21235_at Contig2820_at  
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Supplemental Table 4. (Continued) 
mla6-m9472 IWL_NPL (152) Mla6 IWL_NPL (46) mla6-m9472 IPL_NWL (92) Mla6 IPL_NWL (59)
HVSMEh0096B14f_at HA10K07u_s_at HU03G13u_at Contig6496_at
rbags22e20_at Contig16253_at Contig7914_at HW09C07u_at
HVSMEn0003K24f2_x_at Contig21096_at HVSMEg0015H12r2_s_at HU14N04u_at
Contig8035_at HVSMEf0003K07r2_s_at HVSMEb0003I14r2_at Contig18776_at
Contig11859_at Contig21006_at HVSMEb0003G09r2_at Contig20566_at
Contig7308_s_at Contig24951_at Contig25535_at HVSMEl0008P20r2_s_at
Contig12631_at Contig8669_s_at Contig2405_at HVSMEa0006I23r2_x_at
Contig9685_at Contig7946_at Contig15988_at HVSMEf0011F11r2_x_at
S0000700018E12F1_s_at Contig16115_at Contig18096_at Contig1977_at
Contig2132_at Contig16568_s_at HU08E09u_at Contig26139_at
Contig8724_at Contig21002_at Contig13899_at HB21C01r_at
Contig8103_s_at HM10P11r_at Contig7699_at
Contig1748_s_at HM10P11r_s_at HVSMEb0009G08f_at
HVSMEb0007D09r2_at Contig21548_at HK05C08r_at
Contig4316_at Contig13543_at HS18A16u_at
Contig5830_s_at Contig15338_at Contig20511_at
HY05C09u_x_at Contig14002_at Contig20369_at
HK04J22r_at Contig4548_at Mla13_orf_3pr_x_at
Contig6160_at rbaal35o24_at Contig7632_at
Contig1159_at Contig12906_at Contig10657_at
Contig3568_at Contig14030_at HA30O17r_at
Contig5542_at Contig18698_at Contig5441_at
Contig14426_at Contig13841_at HS16J10u_at
Contig7626_at HVSMEk0003G14r2_at HU05K13u_s_at
Contig3245_at HVSMEi0003D23r2_s_at
Contig4540_at Contig7973_at
Contig22204_at HVSMEm0007K04r2_at
Contig4250_s_at HV09D03u_at
Contig10647_at Contig10466_at
HVSMEk0004G03f_s_at Contig20722_at
rbags19i06_at Contig4810_at
Contig13777_at Contig25559_at
Contig25879_at HT09D12u_at
Contig16344_at HVSMEa0001A19r2_x_at
Contig23532_at Contig9336_at  
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Supplemental Table 4. (Continued) 
mla6-m9472 IWL_NPL (152) Mla6 IWL_NPL (46) mla6-m9472 IPL_NWL (92) Mla6 IPL_NWL (59)
Contig4697_s_at HF03J18r_at
Contig9548_at EBem09_SQ001_C17_at
Contig11276_at HVSMEa0006K18r2_x_at
Contig9440_s_at Contig9651_at
Contig6407_s_at rbags16k11_at
Contig1551_s_at Contig26116_at
Contig2093_s_at HS07O10u_at
EBem08_SQ002_L02_s_at rbags23p07_at
HVSMEm0005J13r2_at Contig18516_at
rbags11l14_s_at Contig671_at
Contig8715_at Contig10301_at
Contig4557_at Contig17530_at
HVSMEa0006L09r2_s_at rbaal22m07_at
Contig4985_at Contig203_at
HS08B03u_s_at HVSMEf0020F06r2_at
Contig19347_at EBro08_SQ007_A17_at
Contig6947_at Contig12151_at
Contig318_at Contig16702_s_at
Contig2000_at Contig21610_at
HV_CEa0002J17f2_s_at Contig17032_at
HW02M24u_s_at HVSMEm0004M18r2_x_at
Contig3253_s_at Contig13410_at
Contig3403_s_at
Contig429_s_at
Contig3412_at
Contig3849_at
Contig2795_at
Contig13236_at
Contig3237_s_at
HW08N05u_s_at
Contig5397_at
Contig7634_at
Contig13843_at  
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Supplemental Table 4. (Continued) 
mla6-m9472 IWL_NPL (152) Mla6 IWL_NPL (46) mla6-m9472 IPL_NWL (92) Mla6 IPL_NWL (59)
Contig2888_at
Contig253_s_at
Contig13930_at
Contig13177_at
EBes01_SQ003_E13_s_at
Contig14776_at
Contig8020_at
HX11M07r_s_at
Contig67_at
Contig1810_at
Contig13400_s_at
rbags17k13_s_at
Contig5931_at
Contig2302_at
Contig7515_at
Contig1330_at
HV09P07u_s_at
HS18N01u_x_at
HY10N04u_s_at
Contig25664_at
HT07I09u_s_at
Contig3963_at
Contig6041_at
Contig11164_at
Contig6573_at
Contig19690_at
Contig7930_at
Contig12952_at
Contig5235_s_at
Contig5911_s_at
Contig670_at
Contig5316_at
Contig245_s_at  
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Supplemental Table 4. (Continued) 
 
mla6-m9472 IWL_NPL (152) Mla6 IWL_NPL (46) mla6-m9472 IPL_NWL (92) Mla6 IPL_NWL (59)
EBro01_SQ004_K12_at
Contig5731_at
HW01L12u_at
HU12P09u_s_at
HW04A13u_s_at
HY10C18u_at
Contig4063_at
Contig25290_at
Contig12552_s_at
HA27O22r_at
Contig5550_at
Contig11525_at
Contig8242_at
EBro08_SQ012_H01_at
Contig4624_at
HV11N08u_x_at
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Chapter 4: Functional genomic analysis of Arabidopsis genes homologous 
to PAMP and R-gene-induced barley genes of the barley:barley powdery 
mildew interaction 
Abstract 
Expression profiling of barley leaves (Hordeum vulgare L.) challenged with the 
powdery mildew fungus, Blumeria graminis f. sp. hordei (Bgh), previously identified 207 
genes that were up-regulated in the incompatible response but become suppressed following 
haustoria formation in compatible responses. These genes were identified as candidates to 
mediate resistance to powdery mildew and subsequent analyses in barley have proven the 
functional significance of four of these genes in the negative (1) and positive (3) regulation 
of resistance to powdery mildew. To facilitate functional analyses of these 207 genes and to 
investigate their possible conserved roles in pathogen defense, we identified Arabidopsis 
homologs of these genes and generated and analyzed loss-of-function mutant and 
overexpression lines. These plants were tested for an increase or decrease in the virulence of 
the compatible bacterial pathogen Pseudomonas syringae pv. tomato DC3000 (PstDC3000). 
None of the mutant or overexpression lines tested had reproducible and statistically 
significant differences in bacteria growth versus wild-type controls. HvBlufensin1 (HvBln1), 
a gene unique to barley, rice, and wheat, was identified by Meng et al. (2009) as a negative 
regulator of defense in the barley-powdery mildew interaction. HvBln1 was overexpressed in 
Arabidopsis under control of the 35S promoter to determine if it operates as a negative 
regulator of defense in the Arabidopsis non-host response to Blumeria graminis f. sp. hordei. 
Analysis of two independent Arabidopsis lines carrying 35S::HvBln1 showed that 
overexpression of HvBln1 did not result in increased penetration efficiency of barley 
powdery mildew at 48 hours after inoculation or development of secondary hyphae. Possible 
reasons for the negative results presented in this chapter include differences in plant species, 
plant pathogen, and genetic redundancy among the genes that were tested in the plant defense 
network. 
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Introduction 
Plants employ overlapping layers of resistance to pathogens 1. The first layer of 
resistance is referred to as pathogen associated molecular pattern (PAMP) triggered 
immunity (PTI) in which plant receptors identify a generic pathogen elicitor and activate 
defense. A study of gene expression changes in rice in response to the bacterial and fungal 
PAMPs, lipopolysaccharide and chitin, demonstrated that these PAMPs led to similar 
responses 2.  This suggested that during PTI different PAMPs activate signaling pathways 
that converge to activate the transcriptional responses needed to establish resistance. 
Despite the efficacy of PTI in the vast majority of plant-pathogen interactions, host-
adapted pathogens are able to suppress these defenses through the delivery of effector 
proteins that can modulate the expression of many PTI induced genes. The ability to interfere 
with PTI is likely to be a common strategy to establish effector triggered susceptibility (ETS) 
1. Suppression of host defenses by pathogens has proven to be a necessary component of 
successful pathogenesis 3, 4. To reestablish resistance, plant resistance genes (R-genes), which 
confer race-specific resistance to host-adapted pathogens, recognize pathogen effectors and 
trigger immunity, in a process referred to as effector triggered immunity (ETI) 1, 5. ETI was 
originally defined genetically by the gene-for-gene hypothesis in which one plant R-gene 
confers resistance to a pathogen carrying the cognate avirulence (AVR) effector 5. 
Through an understanding of the time course of Blumeria graminis f. sp. hordei (Bgh) 
infection in barley and with the use of susceptible and resistant genotypes, Caldo et al. (2004) 
were able to evaluate changes in mRNA transcript abundance corresponding to PTI, ETS, 
and ETI 6.  Near-isogenic lines of barley that contained introgressed Mla6 and Mla13 
resistance gene alleles specifying resistance to the powdery mildew (Blumeria graminis f.sp. 
hordei (Bgh)) isolates 5874 (AVRa6) and K1 (AVRa13), respectively, were used in these 
analyses.  In this system, the delivery of pathogen effectors likely coincides with the 
formation of fungal haustoria at 16 hours after inoculation (hai). mRNA transcripts 
potentially associated with PTI were evaluated by comparisons of the responses occurring in 
compatible and incompatible interactions from 0-16 hai. A cluster (termed Cluster 3) of 
approximately 150 genes that were strongly induced from 0-16 hai in both the susceptible 
and resistant genotypes identified putative PTI induced transcripts. From 16-32 hai, the 
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mRNA transcript levels of these genes decreased in the compatible interaction (ETS) while 
levels of these transcripts were maintained or increased in the incompatible interaction (ETI). 
The expression patterns of the genes in cluster 3 are consistent with a set of genes that are 
activated during PTI, suppressed during ETS, and induced during ETI, and they strongly 
suggested a role for these genes in plant-pathogen interactions. 
Studies of pathogen defense in Arabidopsis reveal many generally conserved features 
with the defense response of barley to powdery mildew. For example, Arabidopsis was 
monitored for gene expression changes in response to a compatible strain of the bacteria 
Pseudomonas syringae pv. tomato DC3000 (PstDC3000), which utilizes the type-three 
secretion system (T3SS) for delivery of effector proteins, and an avirulent strain lacking a 
functional T3SS (T3SS-). These bacteria elicited similar gene expression changes in 
Arabidopsis at 2 hai, putatively identifying genes involved in PTI 7. The expression of 
approximately 1/5 of the PTI genes was modulated at a time point following pathogen 
effector delivery 8. Powdery mildew and P. syringae effectors both act to suppress plant 
defense transcript accumulation. In a study comparing compatible and incompatible 
responses of Arabidopsis to Pseudomonas syringae pv. maculicola ES4326 (PsmES4326) 
(+/- AvrRpt2) and PstDC3000 (+/- AvrRpt2), a common set of genes were induced in the 
compatible and incompatible responses, yet large kinetic and quantitative differences favored 
a much more robust and rapid expression of defense transcript accumulation in the 
incompatible interaction 9.  Susceptible and resistant host plants appear to evoke the 
expression of overlapping genes and pathways. However, the transcriptional response is 
more delayed, weaker, and perhaps less effective in the compatible interaction 10. This helps 
to describe why compatible interactions are more sensitive to smaller changes in the host 
leading to enhanced disease susceptibility or resistance phenotypes. 
Reverse genetic analyses of some barley genes selected from cluster 3 described 
above has shown that three genes central to the shikimate pathway positively contribute to 
resistance 11. These genes are presumably involved in the increased production of secondary 
metabolites during the defense response and are encoded by orthologs in all other higher 
plants.  In contrast, Blufensin1 (HvBln1), was shown to be a negative regulator of barley 
defense to powdery mildew. HvBln1 is a 53 amino acid peptide unique to barley, rice, and 
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wheat 12. These data support the general hypothesis that cluster3 genes have roles in barley 
defense to powdery mildew and suggest that barley defense to powdery mildew utilizes 
genes that are both unique to and commonly involved among plant-pathogen interactions. 
Analysis of the annotated functions of cluster3 genes revealed some overlap with 
gene function annotations identified from transcript profiling analyses of Arabidopsis defense 
responses, such as enzymes for secondary metabolite production. The similarity of the 
defense responses in Arabidopsis and barley suggested that we could take advantage of the 
resources available in Arabidopsis to investigate the functions of the barley cluster3 genes. In 
addition to facilitating functional analysis of barley cluster3 genes, we hypothesized that we 
could also investigate the degree to which defense responses were conserved in the monocot 
barley and eudicot Arabidopsis. Because we were unable to use a powdery mildew capable 
of infecting Arabidopsis, we studied the responses of mutant and overexpression lines in 
Arabidopsis  to infection with P. syringae pv. tomato strain DC3000 (PstDC3000), hoping to 
find reproducible instances of increased or decreased susceptibility. This change of 
pathosystem had a logical basis as many identified enhanced disease susceptibility mutants, 
including pad4, npr1, eds5, eds10, and eds13, exhibit enhanced susceptibility to the powdery 
mildew Erysiphe orontii and the bacteria P. syringae 13, 14. 
We also overexpressed HvBln1 in Arabidopsis and tested it for altered response to the 
non-host pathogen Blumeria graminis f.sp. hordei (Bgh). Results from these tests show no 
observed changes in the interaction of these lines with these pathogens. Possible reasons for 
these results are included in the discussion. 
Results 
Homozygous T-DNA insertion lines of Arabidopsis homologs to barley genes and 
PstDC3000 infection assays 
A set of 59 barley genes was selected from cluster3 genes, because they were the 
most highly induced in incompatible interactions when compared to compatible interactions. 
Of the 207 cluster3 genes, 155 were also induced in response to inoculation in barley cultivar 
Sultan-5 (Mla12). The list of 59 and 155 combine to 163 distinct barley contigs, with 40 of 
the 163 representing unknowns with no functional annotation. Among the 163 genes was one 
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transcription factor with similarity to rice WRKY14 and four receptor kinases. Of the 163 
distinct barley contigs, 120 of them had one or more apparent Arabidopsis homologs with a 
BLASTx E-score of < 0.0001 (data not shown). Approximately 50% of these Arabidopsis 
homologs were encoded by multi-gene families, because the BLAST searches returned hits 
to multiple genes in the Arabidopsis genome using genome release TAIR6 (The Arabidopsis 
Information Resource (arabidopsis.org)). An emphasis was placed on testing Arabidopsis 
genes that were homologous to the most intriguing expression patterns among these 163 
genes, though gene copy number did influence homolog selection. Based on this gene list, I 
identified available genes containing T-DNA insertion mutations from the Arabidopsis 
Biological Resource Center (abrc.osu.edu).  In total, 130 T-DNA lines were found that 
corresponded to 112 distinct Arabidopsis genes and 64 barley contigs of interest. T-DNA 
mutants were selected almost exclusively from the SALK and SAIL collections 15, 16. These 
mutant lines were segregating for the T-DNA insertions, so they had to be grown and 
screened by PCR to identify plants homozygous for T-DNA insertions (for gene list see 
Table 1, for primer list see Table 2). In total, 39 homozygous lines were identified. 
Homozygous T-DNA insertion in the chorismate synthase gene (give AGI locus and SALK 
number) produced an embryo lethal phenotype. The ortholog in barley was later shown to 
quantitatively add to barley powdery mildew resistance 11. 
In total, 39 T-DNA lines corresponding to 38 Arabidopsis homologs of 28 barley 
genes were analyzed for enhanced or decreased susceptibility to PstDC3000 infection (Table 
1). The well-characterized enhanced disease susceptibility 1 (eds1) mutant was used as a 
positive control for these tests. Infection of eds1 with PstDC3000 showed bacterial growth 
increased approximately 10 fold compared to wild type plants and higher titers of 
PstDC3000 could be detected at the 95% confidence level in the assay (Table 3). The 39 
homozygous mutant lines were tested up to 3 times with none exhibiting reproducible 
significant differences in bacterial growth according to 95% confidence intervals. 
During the course of this project, the genes selected as candidates for obtaining 
homozygous T-DNA mutants was compared to a list of T-DNA candidates being 
investigated by the lab of Dr. Jane Glazebrook (University of Minnesota) (personal 
communication). Their gene list contained 395 genes identified directly from expression 
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profiling studies of the compatible and incompatible interactions of Arabidopsis with P. 
syringae pv. maculicola ES4326 (-/+ avrRpt2) and P. syringae pv. tomato DC3000 (-/+ 
avrRpt2) 9. When my list of 112 unique genes was compared to their list of 395 unique 
genes, only 4 genes were shared (Table 1). The overlap of 4 genes suggests that the selection 
of genes based on barley responses to powdery mildew did not enrich for Arabidopsis genes 
that were strongly differentially expressed in response to PstDC3000, which would be the 
best candidates for functional analysis. 
Overexpression of selected Arabidopsis homologs and PstDC3000 infection assays 
Since homozygous T-DNA insertion lines that were developed and tested did not 
yield significant results in PstDC3000 infection assays, we decided on an overexpression 
(gain of function) approach with the idea that overexpression of Arabidopsis homologs might 
overcome potential issues with genetic redundancy. Full-length cDNA clones of 39 
Arabidopsis genes corresponding to 38 barley genes were ordered from Riken 
(brc.riken.go.jp/lab/epd/catalog/cdnaclone.html) (Table 4). Nineteen of the 39 Arabidopsis 
genes chosen for overexpression were also represented in our T-DNA insertion line 
collection, each of which corresponded to a separate barley homolog.  These full-length 
cDNA clones were cloned into the pCB2004 Gateway compatible vector which allowed 
constitutive expression under the control of the Cauliflower mosaic virus 35S promoter 17 
(see Table 5 for primer sequences).  Thirty-two clones whose insert sequences were sequence 
verified were transformed into the Arabidopsis Col-0 background using the Agrobacterium 
dip transformation protocol 18, and glufosinate-ammonium resistant T1 seedlings were 
selected using Finale herbicide. Expression of each construct was determined in six lines by 
semi-quantitative reverse-transcription PCR (sqRTPCR) in order to identify overexpression 
lines. Plants that had overexpression were carried into the T2 generation in order to identify 
homozygotes. Homozygotes were verified by 100% of germinating seedlings surviving 
herbicide treatment. Twenty seven of these lines were used in PstDC3000 infection assays 
(Table 4). No significant differences in bacterial growth were found. 
Development of overexpression lines using rice homologs and in the transformation of 
Arabidopsis defense mutants 
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We began cloning Arabidopsis overexpression constructs into the defense mutant 
Arabidopsis lines enhanced disease susceptibility (eds1), non-expressor of pathogenesis 
related-1 (npr1), and NahG, which expresses a bacterial salicylate hydroxylase gene that 
causes the catabolism of the defense hormone salicylic acid 19. These enhanced susceptibility 
backgrounds may have produced a balance between host defenses and bacterial virulence that 
permitted identification of enhanced resistance phenotypes expected from the overexpression 
of these genes. We used the same constructs that were used to produce overexpression lines 
in the Col-0 wildtype background (Table 4). T1 and T2 herbicide resistant seed was produced 
corresponding to 31 (npr1), 30 (eds1) and 15 (NahG) of the 32 original constructs whose 
insert sequences were validated by sequencing (Table 4). These lines were not tested with 
PstDC3000. 
At this time we also pursued the development of Arabidopsis lines that would 
overexpress putative rice orthologs to the barley genes of interest. This was done because 
rice genes were of a higher homology to the barley contigs than were Arabidopsis genes and 
because rice full length cDNA clones were also available. This set of genes was highly 
enriched for WRKY genes, as the regulatory role of these proteins in plant defense was 
becoming well established. This caused us to stray from the earlier approach in which a 
heavy emphasis was placed on cluster3 genes representing the highest possible expression 
changes and greatest difference in expression between the incompatible and compatible host 
responses. We ordered 86 full-length cDNA clones from the Rice Genome Research Center 
(RGRC) and validated insert sequences of 28 constructs representing 28 distinct rice genes, 
using the same approach as above. These lines were not tested by sqRT-PCR to determine if 
they expressed the cloned rice gene. T1 and T2 herbicide resistant seed was produced to 28 
rice genes in the Col-0 background and at times also in the npr1 and NahG backgrounds 
(Table 6). These lines were not tested with PstDC3000. 
Constitutive over-expression of HvBlufensin1 does not lead to significant changes in non-
host resistance to Blumeria graminis f. sp. hordei in transgenic Arabidopsis 
The gene HvBlufensin1 (HvBln1) was one of the most highly induced genes in 
response to powdery mildew inoculation and also was repressed following haustorial 
formation in the compatible interaction. It is a member of the group of barley genes in 
192 
cluster3. This gene was later identified as a negative regulator of powdery mildew resistance 
by Meng et al. (2009) through the use of virus induced gene silencing and transient 
overexpression 20. This gene is unique to barley, rice, and wheat 20, and as such it was not 
available for previous studies involving Arabidopsis homologs. This gene encoding a small 
peptide was cloned into the pEARLEYGATE103 21 and pCB2004 17 vectors, which were 
used to overexpress HvBln1 in Arabidopsis under the control of the CaMV 35S promoter. 
Genes expressed with pEARLEYGATE103 contain a C-terminal GFP-His fusion. Multiple 
T1 and T2 lines were developed to both constructs and expression of HvBln1 was verified in 
plants transformed with pCB2004 (Fig. 1). The pCB2004:HvBln1 construct was chosen over 
the pEARLEYGATE103:HvBln1 construct, because I was unsure if addition of the GFP-His 
tag to this 53 amino acid protein may have interfered with its potential to function in the 
Arabidopsis genome. Among three lines (3, 5, and 7) that were selected for analysis of 
HvBln1 expression, the progeny of line 3 had the highest expression of HvBln1 (Fig. 1). The 
progeny of lines 3.3 and 5.3 were used in subsequent tests. 
Plants from lines 3.3 and 5.3 were used to test if non-host resistance to Blumeria 
graminis f.sp. hordei isolate 5874 at 72 hai was compromised in these lines expressing 
HvBln1 in comparison to a transgenic Arabidopsis 35S::GUS control. These transgenic plants 
all provided identical non-host resistance phenotypes to barley powdery mildew 
characterized by no haustoria development and no secondary hyphae formation (Fig. 2A and 
B). The fungus developed as expected on barley control plants at 72 hai (Fig. 2E). Fungal 
spores produced a primary germ tube and appresorium, but they failed to further develop in 
the 35S::Gus control or the transgenic 35S::HvBln1 lines 3.3 (Fig. 2A and B) and 5.3 (data 
not shown). UV autofluorescence could also be detected in response to attempted fungal 
penetration in Arabidopsis expressing HvBln1 (Fig. 2C and D) and in GUS controls (data not 
shown). These results demonstrate that non-host resistance is not affected by transgenic 
expression of HvBln1 in Arabidopsis. 
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Discussion 
To facilitate functional analysis of barley (monocot) genes with intriguing patterns of 
gene expression in response to powdery mildew fungus (Blumeria graminis f. sp. hordei), we 
developed T-DNA mutants and overexpression lines for homologous Arabidopsis (dicot) 
genes. These mutant and overexpression lines were tested for enhanced susceptibility or 
resistance to the compatible bacterial pathogen Pseudomonas syringae pv. tomato DC3000 
(PstDC3000). This bacterial pathogen was chosen for these studies, because it is a model 
plant pathogen and infection assays were able to be readily standardized. In addition, the use 
of this pathosystem seemed reasonable, because identified enhanced disease susceptibility 
mutants, including pad4, npr1, eds5, eds10, and eds13, exhibit greater susceptibility to both 
the powdery mildew Erysiphe orontii and the bacteria P. syringae 13, 14. In our studies we 
shifted from a fungal to bacterial pathogen, and a monocot to dicot host. In these analyses we 
were testing the boundaries of plant defense conservation. 
The homozygous T-DNA insertion lines representing Arabidopsis homologs to barley 
genes that were tested did not exhibit enhanced susceptibility or resistance to PstDC3000 
Thirty-nine homozygous T-DNA insertion mutants were tested for altered response to 
PstDC3000 infection producing no significant results that were reproducible. Of the 395 
genes under investigation by Dr. Glazebrook’s lab for enhanced or decreased susceptibility to 
P. syringae pv. maculicola ES4326 (PsmES4326), AtCbp60g was shown to limit PsmES4326 
growth and affect salicylic acid signaling 22. This calmodulin-binding gene was not identified 
in our list. These 395 genes consisted of genes specifically induced in resistance to 
PsmES4326 and PstDC3000 9. Of the 112 genes that were chosen for T-DNA mutant 
analysis in our list, only 4 genes were shared in common with the 395 genes identified for 
testing in the Glazebrook lab (personal communication). It is possible then that many or most 
of the genes we selected were not responsive to PstDC3000. Of the 112 Arabidopsis 
homologs selected none encoded transcription factors and most were of gene families 
ranging from 2-10 members. However, very few transcription factors were present among the 
gene list representing the most interesting patterns of expression in barley. Looking further 
into the barley data set to enrich for transcription factors that were differentially expressed 
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may have produced defense phenotypes of Arabidopsis homologs in response to PstDC3000. 
Also, the relatively few number of T-DNA lines tested versus the Glazebrook laboratory is 
another factor contributing to the lack of defense phenotypes that I obtained. 
Another potential contributing factor may have been the P. syringae pathovar 
selected. Gene expression profiling and salicylic acid (SA) concentration measurements 
show that PsmES4326 elicits higher host production of SA and causes greater SA-responsive 
gene induction than PstDC3000 23. Because SA accumulation is involved in defense to P. 
syringae, we may have picked a more virulent pathovar that is more capable of regulating its 
own growth and colonization of the plant despite changes made among potential underlying 
host defense genes. If PsmES4326 is less virulent, more subtle defense phenotypes may have 
been obtained using PsmES4326 that would go undetected when using PstDC3000. The 
effect of SA on mediating successful resistance is variable in host-pathogen interactions. For 
example, NahG Arabidopsis plants which have very low levels of SA did not lead to 
enhanced susceptibility to ORMV, CaMV, or CMV 24, 25.  These viruses may be sufficiently 
well adapted to infection of this host that SA signaling has a limited affect on pathogenesis.  
In contrast SA is required in resistance gene mediated immunity to CMV, TCV and TMV 26-
28. It may be apparent that each host-pathogen system has important unique features, despite 
readily observed similarities in defense responses to diverse pathogens. 
Overexpression of selected Arabidopsis homologs to barley genes did not exhibit enhanced 
susceptibility or resistance to PstDC3000 
I overexpressed 32 Arabidopsis homologs to 31 barley genes to eliminate some 
degree of the possible effects of genetic redundancy encoded within the defense response and 
to create potential gain of function phenotypes. Nineteen of the original 39 total genes chosen 
for overexpression were among the 112 Arabidopsis homologs selected for T-DNA mutant 
analyses. Of the separate 39 genes that were tested by T-DNA knockout, four of the same 
genes were also used in overexpression analyses, with the idea that gain of function studies 
may more readily lead to defense phenotypes than loss of function mutations. While 
reselecting genes for overexpression, we passed up the opportunity to more closely scan for 
potential Arabidopsis orthologs to interesting barley genes that were induced among 
Arabidopsis-P. syringae expression data. We also may have benefited from a wider selection 
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of genes than specified by cluster3, with particular emphasis on choosing genes that encoded 
functions of a more obvious regulatory nature, such as transcription factors and kinases. The 
cloning of rice WRKY factors and other transcription factors for overexpression was 
conducted and many Arabidopsis lines with potential to cause altered defense genotypes 
were created, but due to time constraints and the shift to studies presented in chapters 2 and 3 
of this thesis no pathogen testing with these lines occurred. 
Constitutive over-expression of HvBlufensin1 does not lead to significant changes in non-
host resistance to Blumeria graminis f.sp. hordei in transgenic Arabidopsis 
Though HvBln1 was specific to the barley, rice, and wheat, we investigated whether 
this gene may nevertheless function as a negative regulator in the Arabidopsis non-host 
response to powdery mildew.  HvBln1 allowed greater penetration efficiency of Blumeria 
graminis f. sp. hordei (Bgh) in barley and Arabidopsis mutants supporting greater levels of 
Bgh penetration have been identified 29-31. Given the strong phenotype of HvBln1 in barley 
we hoped expression of this gene in Arabidopsis would lead to greater penetration and 
infection. While no change in defense to Blumeria graminis f. sp. hordei was noted in these 
lines, these lines and the constructs from which they were made can be used to more closely 
interrogate the function and mechanism of action of HvBln1. For instance the lines created 
with a C-terminal fusion to GFP-His could be used in pulldowns to assess interaction 
partners in Arabidopsis. The 35S::HvBln1 construct may also be used to express this gene in 
an Arabidopsis penetration mutant background to better establish if HvBln1 can contribute to 
Arabidopsis penetration resistance of Bgh. 
Unpublished studies by Meng et al. reveal that HvBln1 silencing affects the 
expression of a large number of genes. HvBln1 responsive genes in barley could be used to 
identify Arabidopsis homologs that might also respond with changes in transcription due to 
transgenic HvBln1 expression. If HvBln1 Arabidopsis expression causes transcriptional 
changes in endogenous Arabidopsis genes, this may warrant the testing of these lines for 
defense phenotypes in susceptible and resistance gene mediated responses to diverse 
pathogens. Of the pathogens that could be used, it would be most ideal to test Arabidopsis 
transgenic lines expressing HvBln1 for a defense phenotype or altered gene expression to an 
infectious powdery mildew, such as Erysiphe cichoracearum or E. orontii. 
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Conclusions 
Analysis of the Arabidopsis powdery mildew resistant loci (1-4) show that pmr4 also 
provided enhanced resistance to P. parasitica, whereas pmr1 was resistant to E. 
cichoracearum, but susceptible to E. orontii 32. This study indicates that genes may act either 
in a general or specific manner to control different pathogens. The generality or specificity of 
gene function depends entirely on the specific pathosystem under consideration. Therefore 
great care should be taken when attempting to observe conserved features of plant pathogen 
defense to diverse pathogen types. When data is available from your particular host-pathogen 
interaction this data should be used to heavily influence the course of action. It was our 
approach to as quickly identify, gather, and test as many Arabidopsis homologs as possible. 
In the defense response, thousands of genes are activated and repressed, but only a handful 
may be shown to exhibit a defense phenotype in any given plant-pathogen interaction, often 
necessitating the study of a large number of genes to arrive at a phenotype. 
Experimental 
Plant growth materials and growth conditions 
All plants were grown at 22˚C in a growth chamber with a 16 h day/8 h dark cycle in 
LC1 soil mix (SunGro®, Seba Beach, AB, Canada). Plants used in pathogen testing were 
grown in 6 inch diameter round pots for 3.5 weeks prior to inoculation with 105 cfu/ml of P. 
syringae pv. tomato DC3000. PstDC3000 was streaked onto King’s B medium agar plates 
with 75 ug/ml rifampicin (Fisher) and individual colonies used to inoculate starter cultures 
that were grown in King’s B liquid media 1.5 days at 28˚C and 250 rpm. An aliquot was 
taken and diluted 1:100 and grown for 3 hrs at 28˚C and 250 rpm. Based on OD600 
measurements, the cells were diluted to 105 cfu/ml for inoculation of the abaxial surface of 
Arabidopsis leaves using a 1 ml syringe without needle. 
At 3 days post inoculation three inoculated leaves were harvested per sample with a 
#3 cork borer (.21195 cm2) (Fisher), placed in 1.1 ml tubes in 96-well format racks (Neptune, 
San Diego, CA) containing 350 µl ddH20 and ground with 2 steel ball bearings in a 
GenoGrinder2000 (OPS Diagnostics, LLC, Lebanon, NJ, USA) at 1700 cycles/min for 7 
min.  These samples were then serially diluted at a 1:7.5 ratio a total of seven times in 96 
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well format ELISA plates before plating 4 µl droplets on King’s B medium agar on square 
3.75” petri plates (Fisher). Colonies were enumerated following 40 h growth at 28˚C using a 
Zeiss Stemi SV11 stereo microscope. 
Statistical analysis of enumerated colonies 
Enumeration of bacteria that had grown from a previous 4 µl droplet was performed 
for all dilutions in which individual colonies could be resolved. The number of these bacteria 
in separate dilution factors was used to derive a most probable number of bacteria, given the 
maximum likelihood estimation. Wildtype Col-0 was the control group for T-DNA lines 
being analyzed while Col-0 expressing Gus was the control group among the overexpressing 
lines. These estimates were used to contrast the Arabidopsis line of interest to control plants 
and produce the difference of the means and 95% confidence interval. A student’s t-test, 
which is the traditionally used method for this type of analysis was also performed on the 
bacterial counts data, contrasting the lines of interest to control plants. The two contrasting 
methods of statistical analysis provided highly similar results. Wild type Col-0 was the 
control group for T-DNA lines being analyzed while Col-0 expressing GUS was the control 
group among the overexpression lines. 
T-DNA lines 
T-DNA lines were ordered from the Arabidopsis Biological Resource Center 
(abrc.osu.edu). A primer pair for each line was developed based on the provided flanking 
sequence information and used in combination with T-DNA insert sequence to validate 
insertion sites (signal.salk.edu/cgi-bin/tdnaexpress). The separate Salk, Sail, and WiscDsLox 
lines have their own recommended primers for use in amplifying from the T-DNA insert 
sequence (refer to Table 2). Primers were used to evaluate individual segregating plants as 
homozygous, heterozygous, or azygous for the T-DNA insertion. 
Generation of Overexpression Constructs 
Full length cDNA clones for Arabidopsis and rice were ordered from Riken 
(brc.riken.go.jp/lab/epd/catalog/cdnaclone.html) and the Rice Genome Research Center 
(rgrc.dna.affrc.go.jp/index.html.en.). Primers adapted for the Gateway® cloning system 
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(Table 5) were used to amplify the full length cDNA from the ordered clones and PCR 
products were purified prior to cloning into the entry clone pDONR201 (Invitrogen) with BP 
clonase prior to cloning into the final destination vector pCB2004 17 with LR clonase. 
pEARLEYGATE103 21 and pCB2004 were both used as final destination vectors in the 
creation of HvBln1 constructs. These vectors are both suited for Agrobacterium mediated 
transformation and 35S promoter controlled gene expression. Final constructs were verified 
by sequencing the full length cloned insert. Verified destination vector constructs were 
transferred into Agrobacterium tumefaciens strain GV3101 which was used to transform 
Arabidopsis thaliana according to the dip transformation protocol 18. 
Selection of transformants and expression validation 
T0 seeds were screened with 1:1000 (v/v) Finale (AgrEvo USA, Wilmington, DE, 
USA). Seedlings that survived selection were transferred to individual pots for self 
fertilization and T1 seed production. T1 and T2 seeds that survived selection were evaluated 
for transgenic overexpression by semi-quantitative RT-PCR. RNA was isolated using a hot 
Trizol method 6, treated with DNAseI (Invitrogen, Carlsbad, CA), and used as a template for 
first-strand synthesis of cDNA with Superscript II reverse transcriptase (Invitrogen) using an 
oligo(dT) primer.  cDNA was then used in a PCR reaction with primers for Actin8; 
Actin8RTL, 5′-GAGACATCGTTTCCATGACG-3; and Actin8RTR, 5′-
TCCGAGTTTGAAGAGGCTACA-3. The Actin8 gene was used as an internal control in the 
reaction as this gene is highly and stably expressed. Actin8 primers were used in 30 cycles at 
an annealing temperature of 54˚C, 72˚C extension for 30s, and denaturing at 94˚C for 30s. 
Transgenes were evaluated using the Gateway® adapted primers first used in the cloning 
process and according to the previous working conditions. HvBln1 was cloned and selected 
Arabidopsis transformants were evaluated for HvBln1 expression using the HvBln1 primers; 
Bln1fwd 5’- GGGGACAAGTTTGTACAAAAAGCAGGCTTCATGGCAAAGAACTAC 
TCCTCTGCGA-3; Bln1rev-fused 5’- GGGGACCACTTTGTACAAGAAAGCTGGG 
TCTGAGCCACCATTAGGGATCGAC– 3; and Bln1rev-nofuse 5’- GGGGACCACTTTG 
TACAAGAAAGCTGGGTCTTATGAGCCACCATTAGGGATCG-3. The primer Bln1rev-
fused was used in combination with the pEARLEYGATE103 vector to generate a 
translational fusion with GFP-His, whereas Bln1rev-nofuse was used with the pCB2004, 
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ending in a stop codon at the end of the predicted ORF. Both primer pairs were used to 
amplify the HvBln1 gene from a DNA clone for 35 cycles at an annealing temperature of 
55˚C, 72˚C extension for 30s, and 94˚C denaturing step for 30s. 
Transgenic Arabidopsis 35S::HvBln1 powdery mildew infection, staining, and microscopy 
Plants were grown 3.5 weeks in 4 inch square pots in LC1 soil mix at 22˚C before 
inoculation with Blumeria graminis f. sp. hordei isolate 5874. Following inoculation they 
were transferred to a separate chamber at 18˚C 16 h day/8 h dark cycle.  At 72 hai leaves 
from separate plants were detached and cleared in a (1:1:1:1):2 (lactic 
acid:glycerol:phenol:water):ethanol, solution.  Autofluorescence was visualized using a Leitz 
microscope (Wetzlar, Germany) and ultraviolet light. Epifluorescence of celluloflor stained 
samples was used to visualize spores. Images were captured with an Olympus DP11 camera. 
Samples processed for visualization of penetration and potential secondary hyphae formation 
were boiled for 2 min in clearing solution and stained with 0.002% w/v celluloflor (Fig. 2C) 
or 0.05% w/v trypan blue (Fig. 2A, B, and E).   
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Figure1. Evaluating Arabidopsis 35S::HvBln1 expression. Transgenic Arabidopsis expressing HvBln1 under 
control of the CaMV 35S promoter. Semi-quantitative reverse transcription PCR (sqRT-PCR) in the top gel 
image shows HvBln1 expression. Bottom gel sqRT-PCR shows endogenous Actin8 gene expression as a 
control.  NT; non-transgenic Col-0. Lanes 2-6 are transgenic lines in the Col-0 genetic background. 
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Figure 2. Evaluating non-host resistance of Arabidopsis 35S::HvBln1 to barley powdery mildew. No distinct 
changes were noted in HvBln1 expressing lines versus Gus transgenic controls in spore development or 
morphology or host cell wall defense. A. Gus6 transgenic line showing spores at 72 hai. B. HvBln1 line 3.3 as 
in A. C. Spore on HvBln1 line 72 hai. D. Autofluorescence (AF) corresponding to spore in C. E. Haustorium 
(H) and secondary hyphae (SH) formation in barley in response to powdery mildew (Bgh). 
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Table 1. T-DNA lines selected for study. The barley contig is given at left; Arabidopsis Gene Index (AGI); T-
DNA designation; putative function; assigned number corresponding to how seed and constructs were labeled; 
and the number of times identified homozygous insertion lines were tested with PstDC3000. The four genes 
that were shared with a list of highly induced genes to PstDC3000 are noted by an asterisk in the assigned 
number column. 
Barley_1 AGI T-DNA Putative function T-DNA # PstDC3000
976 At2g36460 Salk_014964  fructose-bisphosphate aldolase 46 3
1271 At1g02500 Salk_059210 S-adenosyl methionine synthase 2 3
2284 At2g32720 Salk_100161 cytochrome B5 45 3
4728 At1g15500 Salk_106353 ATP/ADP transporter 9 3
4728 At1g80300 Salk_023159 ATP/ADP transporter 8 3
6574 At3g54140 Salk_148600 peptide transporter 48 3
6574 At5g01180 Salk_022619 peptide transporter 74 3
7705 At1g69370 Salk_056152 chorismate mutase precursor 12 3
17478 At5g38530 Salk_011904 Trp synthase related 43 3
19088 At5g46420 Salk_119256 16s RNA processing 27 3
24175 At3G46980 Salk_107864 transporter 16 3
40919 At5g61320 Salk_133362 cytP450 oxidoreductase 21 3
45371 At4g30210 Salk_152766 cytochrome B5 40 3
48443 At2g29690 Salk_133554 anthranilate synthase alpha2 23 3
48443 At5g05730 Salk_040353 anthranilate synthase alpha2 22* 3
1597 At3g62760 Salk_151156 glutathione S-transferase 47 2
3235 At3g59970 Salk_056592 methylene THF reductase 54 2
3610 At1g53240 Salk_087274 Nad-malate dehydrogenase 44 2
3610 At2g22780 Salk_047994 Nad-malate dehydrogenase 62 2
5688 At2G19810 Salk_151571 zinc finger CCCH type 154 2
8371 At1g06550 Salk_127225 enoyl-CoA hydratase/isomerase 111 2
8505 At5g18280 Salk_147990 nucleoside triphosphatase 126 2
11915 At4g34120 Salk_136934 CBS domain 55 2
11969 At5g04330 Salk_076723 aldehyde 5-hydroxylase 70 2
13241 At1g28510 Salk_114377 unknown 113 2
14465 At5g11800 Salk_141501 K/+ antiporter 92 2
14465 At5g51710 Salk_140807 K/+ antiporter 93 2
14507 At1G02820 Salk_092917 late embryogenesis abundant 3 family 149 2
20954 At5g66950 Salk_148990 unknown 30 2
28283 At2g45300 Salk_086083 3-phosphate shikimate 1-
carboxyvinyltransferase
69 2
1271 At3g17390 Salk_052289 S-adenosyl methionine synthase 1 1
2168 At4g37930 Salk_083736 Glycine hydroxymethyltransferase 33 1
3235 At2g44160 Salk_124183 methylene THF reductase 38 1
6574 At1g09630 Salk_133366 peptide transporter 75 1
7705 At1g69370 Salk_151145 chorismate mutase precursor 13 1
14465 At2g19600 Salk_129985 K/+ antiporter 84 1
15515 At1g65870 Salk_082544 disease resistance respone 34 1  
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Table 1. (Continued) 
Barley_1 AGI T-DNA Putative function T-DNA # PstDC3000
30952 At2g39270 Salk_117901 putative adenylate kinase 87 1
40919 At1g64900 Salk_082987 cytP450 oxidoreductase 17 1
1271 At1g02500 Salk_060769 S-adenosyl methionine synthase 3 0
1271 At2g36880 Salk_019375 S-adenosyl methionine synthase 5 0
1271 At4g01850 Salk_097197 S-adenosyl methionine synthase 4 0
1471  At2g45770 Salk_047956 signal recognition particle receptor 100 0
1471  At2g45770 Salk_070410 signal recognition particle receptor 107 0
1471 At4g30600 Salk_089675 signal recognition particle receptor 91 0
2168 At4g13930 Salk_074375 Glycine hydroxymethyltransferase 7 0
2168 At4g13930 Salk_091423 Glycine hydroxymethyltransferase 6 0
2284 At2g46650 Salk_027748 cytochrome B5 65 0
2284 At5g53560 Salk_143615 cytochrome B5 60 0
2284 At5g53560 Salk_151508 cytochrome B5 67 0
2598 At3g02360 Salk_036751 6-phosphogluconate dehydrogenase 41 0
3141 At1g06290 Sail_596_C11 acyl-CoA oxidase 77 0
3141 At1g06310 Salk_023093 acyl-CoA oxidase 56 0
3141 At2g35690 Salk_009998 acyl-CoA oxidase 64 0
3141 At4g16760 Salk_145527 acyl-CoA oxidase 58 0
3141 At5g65110 Salk_006464 acyl-CoA oxidase 61* 0
3166 At3g46830 Salk_029424 Ras-related GTP binding 49 0
3166 At5g59150 Salk_055489 Ras-related GTP binding 76 0
3235 At3g59970 Salk_143459 methylene THF reductase 53 0
3610 At3g15020 Salk_126994 NAD-malate dehydrogrenase 63 0
4329 At5g35160 Salk_089940 9-transmembrance super family protein 103 0
4833 At2g19940 Salk_102434 N acetyl-G-glutamyl-P reductase 115 0
4897 At2g27360 Salk_070092 lipase-like 116 0
4897 At5g45910 Salk_006375 lipase-like 128 0
5108 At1g48850 Salk_051622 chorismate synthase 10 0
5180 At1g44900 Salk_023429 DNA replication licensing  factor 83 0
5180 At1g44900 Salk_026376 DNA replication licensing  factor 82 0
5465  At2g45070 Sail_540_F09 Sec61Beta 109 0
5465  At2g45070 Salk_047426 Sec61Beta 108 0
5465 At2G17980 Salk_106706 Sec61Beta 152 0
5542 At4g02610 Salk_026332 Trp synthase Alphachain 122 0
5688 At1G03790 Salk_090314 zinc finger CCCH type 150 0
5688 At2G25900 Salk_143721 zinc finger CCCH type 153 0
5883 At5g17990 Salk_003037 phosphoribosyl anthranilate transferase 125 0
6574 At1g09630 Salk_063888 peptide transport 71 0
6631 At3G13870 Salk_106301 root hair defective 3 144 0
7023 At1g80600 Salk_004776 ACOAT acetylornithine 114 0  
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Table 1. (Continued) 
Barley_1 AGI T-DNA Putative function T-DNA # PstDC3000
7815 At2g19070 Salk_055511 N-hydroxycinnamoyl/benzoyl 35 0
7833 At5g13100 WiscDsLox393-396K1 unknown 135 0
8057 At3g13235 Salk_024236 ubiquitin  family 120 0
8505 At3g04080 Salk_028118 nucleoside triphosphatase 119 0
8605 At3g29970 Salk_120194 B12D/senescence 28 0
8605 At3g29970 Salk_120202 B12D/senescence 29 0
8605 At3G29970 Salk_128140 HvB12D related 145 0
9029 At2g40890 Salk_112823 cytP450 oxidoreductase 117 0
9341 At1g30450 Salk_048175 Na/K/Cl transporter 90 0
9521 At1g23390 Salk_085384 unknown 112 0
9563 At1g13020 Sail_398_F05 eukaryotic initiation factor 4B 140 0
9563 At1g13020 Sail_625_G07 eukaryotic initiation factor 4B 139 0
9563 At3g26400 Salk_064531 eukaryotic initiation factor 4B 89 0
10956 At4g35080 WiscDsLox465C2 hypothetical protein 133* 0
11038 At5g66120 Salk_147381 3-dehydroquinate synthase 37 0
11915 At4g36910 Salk_076053 CBS domain 39 0
11969 At4g36220 Salk_063792 aldehyde 5-hydroxylase 14 0
13210 At4g28680 Salk_090725 Tyr/dopa decarboxylase 138 0
13241 At3g58150 Salk_152522 unknown 121 0
13416 At5g24840 Salk_040536 tRNA methyltransferase 127 0
13814 At2g38670 Salk_085102 P-ethydroxyamine cytidyltransferase 86 0
13923 At5g13970 Salk_022744 unknown 123 0
14426 At1g15950 Salk_123689 cinnamoyl-coA reductase 36 0
14465 At2g19600 Salk_012529 K antiporter 85 0
14507 At4G02380 Salk_099663 late embryogenesis abundant 3 family 147* 0
14582 At1g53645 Sail_557_E07 similarity to RNA binding protein 132 0
15946 At4g36480 Salk_052712 Ser palmitoyltransferase 131 0
17478 At5g38530 Salk_124293 Trp synthase related 42 0
18843 At1g34640 Salk_005216 unknown 129 0
19088 At5g46420 Salk_086867 16s RNA processing 26 0
19684 At3g03480 Salk_025557 HypersensReltd prot 118 0
19684 At5g17540 Salk_089260 HypersensReltd prot 124 0
20247 At5g48930 Sail_173_F09 transferase 95 0
20247 At5g48930 Salk_061912 transferase 96 0
20954 At4g37100 Salk_014896 unknown 97 0
20954 At4g37100 Salk_037292 unknown 98 0
20954 At5g51920 Sail_135_D01 unknown 99 0
20954 At5g66950 Salk_066999 unknown 31 0
24175 At2g38060 Salk_070992 tporter-reltd 15 0
24175 At5g20380 Salk_122774 tporter-reltd 73 0
24952  At2g34250 Salk_034604 40s ribosomal 102 0  
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Table 1. (Continued) 
Barley_1 AGI T-DNA Putative function T-DNA # PstDC3000
24952 At4g30800 Salk_145270 40s ribosomal 104 0
24952 At5g23740 Salk_018791 40s ribosomal 106 0
24952 At5g23740 Salk_069193 40s ribosomal 105 0
28283 At1g48860 Salk_023835 3-Pshikimate 1 carboxyvinyltransferase 50 0
28283 At2g45300 Salk_024713 3-Pshikimate 1 carboxyvinyltransferase 72 0
30952 At2g39270 Salk_005243 putative adenylate kinase 88 0
40919 At1g64940 Salk_088566 cytP450 oxidoreductase 18 0
40919 At1g64950 Salk_047867 cytP450 oxidoreductase 19 0
40919 At1g64950 Salk_047875 cytP450 oxidoreductase 25 0
42795 At1g80360 Sail_576_D12 Asp transaminase 134 0
48443 At3g55870 Sail_1231_B10 anthranilate synthase alpha2 78 0
48443 At5g05730 Salk_040362 anthranilate synthase alpha2 24 0
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Table 2. Primers to T-DNA lines. Salk, Sail, and WiscDsLox primers are listed first corresponding to the T-
DNA insert sequence, then followed by primers to homozygous T-DNA lines that were tested with PstDC3000 
up to primer pair 126, then beginning with primer pairs to T-DNA lines that were not tested with PstDC3000. 
To validate T-DNA insertion the right primer (RP) was used with its corresponding Salk, Sail, or Wisc primer. 
Multiple Salk and Sail primers to the T-DNA insertion are listed. Salk LBa1 was used with Salk T-DNA lines 
unless this sequence was not an appropriate pairing with the RP. 
Primer Sequence T-DNA line
Salk_LBa1 TGGTTCACGTAGTGGGCCATCG
Salk_LBb1 GCGTGGACCGCTTGCTGCAACT
SALK_Lbe GGAACAACACTCAACCCTATCTCG
Sail_LB3a TTCATAACCAATCTCGATACAC
Sailb1 GCCTTTTCAGAAATGGATAAATAGCCTTGCTTCC
Sailb2 GCTTCCTATTATATCTTCCCAAATTACCAATACA
Sailb3 TAGCATCTGAATTTCATAACCAATCTCGATACAC
Wisc_p745A TCCGCAATGTGTTATTAAGTTGTC
1LP GTTCAAGGCAAGCATCGAGGA Salk_052289
1RP CATTTTACCGGTGGCAAGTGG Salk_052289
2LP GTGACCAACGACGAAATTGCC Salk_059210
2RP TCACAAAAATGATGATGACGATGC Salk_059210
8LP AGGATGTCTTGGTGGTGACGG Salk_023159
8RP CCCATCTTCGGTTTCTCCTGT Salk_023159
9LP CGGAAATGTGTTCGACGAAGG Salk_106353
9RP TTCTTGCTACGGGTTGGGAGG Salk_106353
12LP GTTGCGCCGAATCGATAAACA Salk_056152
12RP CAAGAGGTGATGCAGAACCGA Salk_056152
13LP CCGAATCCGTTCCTCTGTCCT Salk_151145
13RP TGTTTATCGATTCGGCGCAAC Salk_151145
16LP TTTTCTCTGCTTCTGTGCCCG Salk_107864
16RP TGTTTCAGGAAATTGCTCCCG Salk_107864
17LP TGTCCGGGCATAGGTCTAGCA Salk_082987
17RP CCGAAGAACTCAAGGTTTCGGTT Salk_082987
21LP GGGAAGACATTGAGGATGTTGAA Salk_133362
21RP TTCTCCGGAGCTTGGTGTGTC Salk_133362
22LP CAATAGCATGAAGGCGATCCG Salk_040353
22RP TCGCAACGATGTTGGAAAGGT Salk_040353
23LP TGCATATTAGTTGCATCAAGTCCA Salk_133554
23RP ACGAAATGCCTCCAAAGCCTC Salk_133554
27LP AAGGGACTCCTCGAGGTGAAT Salk_119256
27RP TTCAATGGTATGTTCAGGGGA Salk_119256
30LP TGGAACAGCAAGTAACAGCAAAGA Salk_148990
30RP TGCAAGCAACTTGAACGCAGA Salk_148990
33LP CACTTGTGAGCTAAAGACAATCTTC Salk_083735
33RP TGAAGACAAGATCAACCAAGCTGTC Salk_083735
34LP TCCAAGTCGCTAACGGTCCAA Salk_082544
34RP CGTGAAAAGGAATCGGTGACG Salk_082544
38LP TTAGCCGACGAAGGCAAAACA Salk_124183
38RP AGGCAGCCATCACCTCAACTG Salk_124183  
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Table 2. (Continued) 
Primer Sequence T-DNA line
40LP AAACATGGCAAATGGGAATGG Salk_152766
40RP CCCAGCAAAAACACCAAGACAA Salk_152766
43LP AAAAGGACATTCATGCTGCAA Salk_011904
43RP TGATTAGAGGAGTTGGACGCC Salk_011904
44LP TCAGTTTTCTGGTACCCTTTTTGTC Salk_087274
44RP TCAGCTACATTGTCCATGGCG Salk_087274
45LP CCACTCTGTGAGATTTGTGCCC Salk_100161
45RP TATCACCATGCTCCCGGCTTA Salk_100161
46LP CTGGTGCAACCTTCGCACTCT Salk_014964
46RP GGCTGAAAAAGCTTACCTTGGAGA Salk_014964
47LP CTTGATCCCAGTTTGTTTTGAG Salk_151156
47RP CGCGTTGTGATCTCCCTCACT Salk_151156
48LP CAGACGGTCAAAAAGCTTTAAGCAA Salk_148600
48RP GCGGCTTTTCGGAAGATAAGTG Salk_148600
54LP ACGCTTCGTCTTTCCAGACTTTG Salk_056592
54RP TTTCAGTTTGCCTTCTCAATTTGC Salk_056592
55LP GGTTTCAGTTATTGATCTGGTTTTTGG Salk_136934
55RP GATTGACGGTGAAAAAGTGGAGG Salk_136934
62LP TCATATTCGTTCAATGGTCCAAGG Salk_047994
62RP TGGGATTGTGAGGACACTCTCTG Salk_047994
69LP GCTGGGATCGTTTCTTTGTCAAG Salk_086083
69RP TCTCTGCCGTTTTCACCTTTTTG Salk_086083
70RP CTCAAGGAACTCGTCCAAACGG Salk_076723
70LP TTCTCTTCCCCCACCTCCTTTTA Salk_076723
74RP GACGCCGAAAGCAGTATCATAGG Salk_022619
74LP GTTGAGGTTCTTAGCGATCCAGC Salk_022619
75LP GCAGGGGTTTTGTTAGTGACACC Salk_133366
75RP AGGAGATTAGACTTGCCGACACC Salk_133366
84LP CCAACCACCGGAAAGAGAGAGAG Salk_129985
84RP CCTGGATCAGGAACTGCAAAATCG Salk_129985
87LP TGTGCTCTCAAGTCCTGAATGG Salk_117901
87RP CACTGAGCATCGTGATTTCAAC Salk_117901
92LP GACAGCAGGACTCATTTTTCTACG Salk_141501
92RP CGGTCTGATTTTCGTGCTACTC Salk_141501
93LP AAAACAAGTTCGCATTGACACG Salk_140807
93RP TCTTGAAGTTGAAACGGTCTCG Salk_140807
111LP CGAGCTAATGTTTTGAAAGGC Salk_127225
111RP ATTATATCATGGCGACCCATG Salk_127225
113LP CTCTTGAGATCTGCCACTTGC Salk_114377
113RP TTGTTTCAGCTATTTGTTGGTG Salk_114377
126LP TGCACCAAAACCATTAGAAGG Salk_147990
126RP GTTGATTTTCCCTCTTCCAGC Salk_147990
3LP CTCGGTGCTCGCCTAACAGAA Salk_060769
3RP TCCAAGCCGTGTAAAAGTCGC Salk_060769
4LP TGAGCTCCCCATCCTCCGTAT Salk_097197
4RP GCTTTTTATGTCACTTGAGTGTGGA Salk_097197  
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Table 2. (Continued) 
Primer Sequence T-DNA line
5LP GGCTCCATGAGTATGTTCAAAG Salk_019375
5RP TGAAGGAGCATGTGATCAAGCC Salk_019375
6LP TCTGTGGTGGTAGTGCGTATCCT Salk_091423
6RP GCCCTTGGACCCCTCAAACTCT Salk_091423
7LP CGGGTGCACCTACACAAACAC Salk_074375
7RP TCGTTTGATTTTACTTGTGCCGTC Salk_074375
10LP GCTGAACAATGCCTTTGAACACA Salk_051622
10RP TTCCGTGAGTTCTCTCTCTCTGA Salk_051622
14LP GCCCACTCTATCGCCGACGCTA Salk_063792
14RP CGGCTCGTGAAGGCCCGTAATG Salk_063792
15LP GCCCCTCCGATAACGGATGAAA Salk_070992
15RP CATAATTGAATCGTTCGTAAATTCCA Salk_070992
18LP CAGGATGTTTTGCTTCCGCTG Salk_088566
18RP GACTTCACCAAACAAAATGCGCT Salk_088566
19LP CCATCATCACCCTTCGCATC Salk_047867
19RP CCCCAACTACGCTTTTGATC Salk_047867
19LP AACCTCGTGACTTGTGAGATGC Salk_047867
19RP CAACAACAATCGGTTCTTCTCC Salk_047867
24LP CAATAGCATGAAGGCGATCCG Salk_040362
24RP TCGCAACGATGTTGGAAAGGT Salk_040362
26LP GCTTGGTTTGTTTTCTCCTCGG Salk_086867
26RP CCTTGAAGGCCATGAACACCA Salk_086867
28LP GCATTTGTGGATTTTGCCAT Salk_120194
28RP GAAACGGTTGAGTGAAGGCAT Salk_120194
29LP TGAATCAGTTATGGATTTGCCA Salk_120202
29RP GAATTCCCATTTTTCTATGCTCTTT Salk_120202
31LP CGTTCAAGTTGCTTGCAGAGT Salk_066999
31RP CGAGCTTCTTCGTTTGTGGTT Salk_066999
35LP ATTCTCGAATTCCGGCGTAGG Salk_055511
35RP TCGTCTCTTGATCGCCTTCCA Salk_055511
36LP GAGCAATGACTATCTCCTTTATTTTC Salk_123689
36RP GCCATGCACCCCTCGTCACCT Salk_123689
37LP GTTCGTAATGCACTCGCCGAC Salk_147381
37RP TCGTCTTGGTTGGATCGATGA Salk_147381
39LP CGCATGCATAACAAAATTCCCA Salk_076053
39RP CCTCGTGAAATAGGGAGACGTTTG Salk_076053
41LP CCAACGGGGAGACGACGATCAT Salk_036751
41RP GGAGGCTGCATCATCAGAGCAAT Salk_036751
42LP AGTTGCAGCGAGAAACGAGGA Salk_124293
42RP CAGCAAGTGTTGATGGTTTTGGA Salk_124293
49LP ATCGGATTTGTTCCCAGCCAT Salk_029424
49RP TGTTGAATTCGCCACCAGAAC Salk_029424
50LP CCTGATCTTCACCTACCTCAAACG Salk_023835
50RP CCTCAGATAGAGCAGCGAGAAGC Salk_023835
56LP TGAAAAAGACGAAAATACCCCG Salk_023093
56RP GCTTCTCCTCTGCATCTCCTCC Salk_023093  
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Table 2. (Continued) 
Primer Sequence T-DNA line
58LP CGCAGTTGATGACAAATACCTG Salk_145527
58RP AATATGTTCCATCGGATGTTCC Salk_145527
60LP ATCTCAGAGGATCACGAGGCTTTC Salk_143615
60RP GATGACAGTGTTTTCGACTTTGATG Salk_143615
61LP GGACACATCTCCAAAACGATTGAG Salk_006464
61RP TTTCGACTTTTTCAATTCCCGACC Salk_006464
63LP TGACAATGTAGCTGAACCCTTTCC Salk_126994
63RP GATCGCTTCCATGTTTTCATCTTC Salk_126994
64LP AAATCTGTTGCTGGGCTTTGAAC Salk_009998
64RP TCTGTTTGATCTTTGCTCATTCCAG Salk_009998
65RP TTACTTTCTCAGCACGAGCAACC Salk_027748
65LP TTTCGTCAAATGGAATCTACTGC Salk_027748
67RP TGTGTGTGGGAAGTTTGATTGTG Salk_151508
67LP GCTCAGAAATCAGCAGAAGACGG Salk_151508
71LP AATCAATTTGGTGTATGAACAATCG Salk_063888
71RP AAACCTAGATCCAGCAACATTTCG Salk_063888
72RP TCTCTGCCGTTTTCACCTTTTTG Salk_024713
72LP GCTGGGATCGTTTCTTTGTCAAG Salk_024713
73LP GCTGACCGAAAGAGCCTCTAAG Salk_122774
73RP GACAATTAAACTATGCCCCCAAAAA Salk_122774
76RP ACGGTTTGAAATGCTTTCTCCAC Salk_055489
76LP TCTGTTTGATCTTTGCTCATTCCAG Salk_055489
77LP TTACATTAGCTGCCCCACCAATC Sail_596_C11
77RP ATGGATTCGATGTCAAGGAGATG Sail_596_C11
78LP AGAATCTTGTTCCGCTTCGTCAC Sail_1231_B10
78RP TTCGCATTCAGTTATATAGAGTAGCC Sail_1231_B10
82LP GTCAGCAAGTACAAGAGCCCC Salk_026376
82RP CCAAGAGAGTCCAGGAACAGTG Salk_026376
83LP ATTGAAAAATCGCCACCTGAG Salk_023429
83RP TGGCTTAATCTCCTGACCTGC Salk_023429
85LP TCTCTCTTTGTGCCCACATTATAG Salk_012529
85RP AAATCGCAGCAAATTCACATCACG Salk_012529
86LP GCTCTATCAGTCTCCGGACACAA Salk_085102
86RP TGGCGTGCCGCTACGTGGATG Salk_085102
86LP GCCAATAAGGATATTTGTGGC Salk_085102
86RP ATATTTCCCTTTCATGCCCTG Salk_085102
88LP TAAAGCACAACCTTCACCACG Salk_005243
88RP CTCTTCTTCCTCCGCCAAAC Salk_005243
89LP CCTGAACCTGACTTTGTCGTCC Salk_064531
89RP GGAGAAAGGTTTGGATTGGAAG Salk_064531
89LP TCTTCTTCTGTTTCAGGCCTG Salk_064531
89RP GAAGACGAGTAAGCCGAATCC Salk_064531
90LP ACACAAGCTCTCAACAAGCAGG Salk_048175
90RP AATTGAAGGACATTTCAGCCG Salk_048175
91LP GTTCTACTACGTTTTTTGCTCAGTTT Salk_089675
91RP GGTCGGAGCAGCGTTGTCTATG Salk_089675  
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Table 2. (Continued) 
Primer Sequence T-DNA line
95LP AAGAACGAGGCAGACCAAAT Sail_173_F09
95RP CGAGTGTAAGGTCATGTGAT Sail_173_F09
95LP GAATAAACCGGCAATAGCTCC Sail_173_F09
95RP GAAAGGACTGACCCAAACAAAG Sail_173_F09
96LP GAGAGCGTTAAGCCCTCGTTTTT Salk_061912
96RP CCGTCCTAGTCACCTCAGTTCA Salk_061912
97LP AGACTCTGCACTATTGGGATACTT Salk_014896
97RP ACTCAGGCCGGAACAATGACAAA Salk_014896
98LP CCATTTTTCCCGGCTTCATTCTG Salk_037292
98RP TGGGAGGAAGAGATGGTGGTAQG Salk_037292
99LP CCTCGTACCTACCGACAAT Sail_135_D01
99RP CCACATCTCACACTCTCTTT Sail_135_D01
100LP CTCAGAGAAAGAAGAGTACGACG Salk_047956
100RP TTCCCAAAGGCACCAATTCATTGT Salk_047956
102LP TAGCTTCTGTGCCCACCTCAAAC Salk_034604
102RP CTGTGTAGAACAGCGACACCAAAT Salk_034604
103LP CTCTTTATCTCGGCTACTCTCTC Salk_089940
103RP ACCCACCACAACATCTCTACCAA Salk_089940
104LP CCACCAATCTACTACCCAAGTCT Salk_145270
104RP GGATTCTCGTTTTCTGGGTTCTTT Salk_145270
105LP GGGTTGCTTAAGAAAAGCTTTCTCA Salk_069193
105RP GCATCCCCCGGCCCCTATCAT Salk_069193
106LP CCACGGAGCTCTGAGGCAAAAAG Salk_018791
106RP GATTGGGCTGCGTTTGTTAATTTGA Salk_018791
107LP CCCAGCCGCGTGAAGAATCCG Salk_070410
107RP TTGTTGTGCTCGTTTGAGGATAAAT Salk_070410
112LP TTCCCTCCTTTAGACTTTGTGC Salk_085384
112RP ATAAACCATATCTCCCACCGC Salk_085384
114LP GATTTTTGTTCTGCCAATCTCC Salk_004776
114RP CATGTTTCCATAGGCCATAGC Salk_004776
115LP CATCAAGGAACTGCCTACTGC Salk_102434
115RP AGACGTCTTCAATTGCTGGTG Salk_102434
116LP TGCATCAGCTGTTCATCAAAG Salk_070092
116RP GCTCCTCATCACCAGGTAGTG Salk_070092
117LP TCAAGGCCATAGTATCCAACG Salk_112823
117RP TTGTACAGATCCGAAGGCAAC Salk_112823
118LP TTTAGGTATGGAAAGTATTTGCG Salk_025557
118RP ACCGTGAGTACGATGATCAGG Salk_025557
119LP AGTTTTATATGACAGGGCCGC Salk_028118 
119RP ACTCTTCTCGTCGATGGATTC Salk_028118
120LP ACGAGGATTGTGATTGCAGAC Salk_024236
120RP AAGAGCGTGTTCCAAATGATG Salk_024236  
212 
Table 2. (Continued) 
Primer Sequence T-DNA line
121LP GGAAAAGAAGATGAAGGCATG Salk_152522
121RP ATCGCTTCTTCTTCTTCTGGG Salk_152522
122LP CTGCGACGAGGAGTAGAGAAC Salk_026332
122RP TTCGGAACCCGAAAAATCTAC Salk_026332
123LP GTGAGGGTGACTCATTCGAAC Salk_022744
123RP ACAACGATTCTGTGATGGAGG Salk_022744
124LP TCTTAAGCCTCCTTTCCCTTG Salk_089260
124RP GAAACCAAGTAAGCTCCGTCC Salk_089260
125LP TGAAAATCTGTGATTCAGGGG Salk_003037
125RP TACTCTTGAGGATTTGCGAGG Salk_003037
127LP TCAAAGTTCGTTTCTTTCACAAAG Salk_040536
127RP TAATCATCCATTCTGGTTGGC Salk_040536
128LP TAGTGTCATGGCACCTTCCTC Salk_006375
128RP CCGTAATTTGATGGAGCAAAAC Salk_006375
129LP AAATGAAATCTTTCTCCTACATCC Salk_005216
129RP TCCATCTTATGTGGACACACC Salk_005216
131LP AGAACCGACCCCATATTTTTC Salk_052712
131RP CGAGATTTCGATTTCTCGTTG Salk_052712
132LP CAACATTTTATTTCTTGGTTTTTGC Sail_557_E07
132RP CAGGAAGCAATTAATGAAGCG Sail_557_E07
133LP AGCTAAATCCGGTTGGCTAAC WiscDsLox465C2
133RP GTTTTGACATTTTGGGGTTTG WiscDsLox465C2
134LP TCTTGAATCCAATTCCGTGAC Sail_576_D12
134RP TCTTTACCCGTTCCGTTATCC Sail_576_D12
135LP CCTTTTGAGATCTCCCAAAGG WiscDsLox393-396K1
135RP TTTGGGGATGACATAGCAATC WiscDsLox393-396K1
138LP CAACAGCTGCCACTACCTTTC Salk_090725
138RP GGTCACAAAAACGTATGGTCG Salk_090725
139LP TTCTTCAAAATCTGAGAATGGTG Sail_625_G07
139RP TTTTTATTCAGCCTCCTTGGC Sail_625_G07
140LP CACGAGATCGAGAGGATTCTG Sail_398_F05
140RP AAGCCGAAGTGGCAAAATTAC Sail_398_F05
144LP CTCCAACGCATTATCTGGTTTCG Salk_106301                
144RP GTAGCATTGTTGCCCGTAGAATTA Salk_106301                
145LP CAATGATCGGTTGTCCCAAAAAAGA Salk_128140                
145RP AATGGGGCGTTGGGTGAGACCT Salk_128140                
147LP GAGAACACAGACGATACCAACTTT Salk_099663                
147RP CTCGTAGCTCAGCCGCGTCAA Salk_099663                
150LP CAATCCGAGTCCACAAGATATTAC Salk_090314                
150RP TGCGGCTGCCGCGTTTGCGT Salk_090314                
152LP TTTTCAGACTTTTGTTCATACCTTTTT Salk_106706                
152RP AGCTCCGGTGGTAGCCATGTAA Salk_106706                
153LP CCGGCAGCTAGTTCCGTCTTTA Salk_143721                
153RP ACAGACACACACCTCTCTCTCTT Salk_143721                
149LP GGTTTTTACCAGTTTGTTACATGATT Salk_092917                
149RP GCACCATGGGTTCCAGATCCTA Salk_092917                
154LP TACACTGAGGAATCTCCCTCGAAT Salk_151571                
154RP AACTCGCCGCCGGTGAGTCCA Salk_151571                
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Table 3. Testing for defense phenotypes using PstDC3000. T-DNA knockout lines 1, 12, and 43 were tested 
with PstDC3000 for altered susceptibility versus Col-0 wild type controls. The eds1 mutant was used as a 
positive control which supports the growth of significantly more bacteria. 
 
Line Difference between means Simultaneous 95% confidence limits p -value
eds1 6.02 4.37 - 7.69 0.000367467
1 0.46 -1.20 - 2.12 0.64701518
12 0.23 -1.65 - 2.12 0.687370184
43 -0.62 -2.51 - 1.26 0.5615372
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Table 4. Overexpression lines. First column is barley contig; Arabidopsis gene index (AGI); full length cDNA 
clone; putative function; assigned clone number; followed by the line designation of that clone used in testing 
with PstDC3000. Assigned clone number was underlined if an overexpressor was validated by sqRTPCR. 
PstDC3000 column lists the number of times each line was tested with a backslash indicating the following line 
was tested that number of times. Seven in this list were never successfully cloned and validated by sequencing, 
while six others were validated and never tested with PstDC3000.  
Barley_1 AGI Clone Putative function Clone # Line # Ps tDC3000
14507 At4g02380 pda00151 late embryogenesis abundant 1 2,4,10,11 2/2/2/2
15882 At3g01420 pda02166 fatty acid alpha oxidase 2 not cloned
3052 At2g17980 pda04518 sly1 protein; protein/vesicle transport 3 7,8 2/1
6995 At4g30060 pda04968 unknown 4 cloned  untested
3141 At4g16760 pda05283 acyl-coA oxidase 5 1,3,9 1/2/1
6631 At3g13870 pda07943 root hair defective 3 / ion transporter 7 not cloned
5688 At1g03790 pda10248 zinc CCCH transcription factor 8 cloned  untested
6995 At3g25870 pda11172 unknown 9 6,8,1,3,2 1/1/1/1/1
6335 At3g10320 pda13243 unknown 10 not cloned
8605 At3g29970 gsltpgh862h11 germination protein-related, similar to HvB12D 11 not cloned
32890 At1g47260 pda01409 bacterial transferase hexapeptide repeat 16 5,16 1/1
2168 At4g13930 pda01621 glycine hydroxymethyltransferase 17 1 1
3441 At2g30490 pda03082 cytP450 transcinnamate 4 monooxygenase 18 2 2
13241 At1g28510 pda03575 unknown 19 1,2,6,10 1/1/1/1
9029 At2g40890 pda03701 cytP450 20 6,7,9 1/2/2
10608 At1g08040 pda04691 unknown 21 2 3
7833 At5g13100 pda05320 unknown 22 not cloned
1471 At4g30600 pda05416 signal recognition particle receptor-like 24 2,7,8,10 2/2/1/1
2598 At3g02360 pda06046 6-phosphogluconate dehydrogenase 25 4,10 3/3
5108 At1g48850 pda06360  chorismate synthase 26 1,2,6 1/1/1
4728 At1g80300 pda06489 plastidic atp/adp transporter 27 1,3,9 1/2/1
9990 At3g29090 pda06543 pectin methylesterase 29 cloned  untested
2310 At5g27770 pda07083 BRI1-kinase domain interacting protein 30 1, 4
2284 At5g53560 pda07449 cytochrome B5  31 1,2,4,8 1/2/1/2
13814 At2g38670 pda07949 phosphoethanolamine cytidylyltransferase 32 1, 3
40047 At3g27200 pda08644 blue copper-binding protein 33 1,3 1/1
13210 At2g20340 pda09050 tyrosine/DOPA decarboxylase, Putative 34 10 1
9521 At1g23390 pda09296 unknown 35 not cloned
1271 At3g17390 pda10000 S-adenosylmethionine synthetase 1 36 4 1
11915 At4g36910 pda12764 CBS(cystathionine-beta-synthase) domain  37 7 1
1797 At2g37040 pda13230 phenylalanine ammonia-lyase 38 cloned  untested  
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Table 4. (Continued) 
Barley_1 AGI Clone Putative function Clone # Line # Ps tDC3000
8371 At1g06550 pda15463 enoyl-CoA hydratase/isomerase family  39 2,6 1/1
5574 At4g24520 pda02355 NADPH cytP450 reductase 40 1 1
24175 At3g46980 pda04259 transporter-related 41 2,4,7 1/1/1
14465 At5g51710 pda06230 potassium/proton antiporter 42 not cloned
14582 At1g53645 pda06437 hydroxyproline-rich glycoprotein family 43 2 1
8572 At3g48100 pda08117 unknown 44 1,7 3/3
3235 At2g44160 pda02689 methylenetetrahydrofolate reductase 45 cloned  untested
12237 At5g59320 pda06512 lipid transfer protein 6,28 12/1,16;2,7 2/2/2/2  
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Table 5. Full-length clone primer sequences for overexpression.  The attb1 and attb2 primer sequences were 
added to the 5’ ends of all the forward (F) and reverse (R) primers listed in this table for compatibility with the 
Gateway cloning system. At left is the Arabidopsis gene index (AGI) followed by the primer designation which 
also specifies the Barley_1 contig, the 5’ to 3’ primer sequence, and the assigned overexpression (OX) clone 
number.  
AGI Primer Sequence OX #
attb1(fwd) GGGGACAAGTTTGTACAAAAAAGCAGGCT
attb2(rev) GGGGACCACTTTGTACAAGAAAGCTGGGTG
Gus_F ATGTTACGTCCTGTAGAAACCCCA 14
Gus_R TCATTGTTTGCCTCCCTGCTGC 14
At4g02380 14507F TCATCTCTTCAAACCATTTTC 1
At4g02380 14507R CTCTATCATACATCCAACGATCC 1
At2g17980 3052F CATCTTCATCAGTGATTTTTGGG 3
At2g17980 3052R GGCAAAAACCATTTAACAATC 3
At4g30060 6995F1 GCTTCCTCTGTTTCGAACCCA 4
At4g30060 6995R1 CCAACGTATCCTTCCAACCAA 4
At4g16760 3141F AATTAAATCGGTAGAGTGAGG 5
At4g16760 3141R GGTATTAATGTTGCATTGAAA 5
At5g59320 6631F ATCCAACAACAAAAACATAAG 6
At5g59320 6631R ATTGAGACAAAAACAAATACATGG 6
At1g03790 5688F ACACAAATCCCTCAAAACCAA 8
At1g03790 5688R GCATGAAAAGGGAAAAATATC 8
At3g25870 6995F2 CTGTCGGGAATAAACGAGTCA 9
At3g25870 6995R2 GGAATACCGAATACATCCATG 9
At1g47260 32890F CCCATCAATACGCCTCCATAAACC 16
At1g47260 32890R GCAAATTGTTCCTCGAAGAAATGAC 16
At4g13930 2168F GATCTCAGATCTCTCCCTCCCTC 17
At4g13930 2168R CTGTTTGCATCTTCATCTCTTCGCC 17
At1g28510 13241F ATTCGATAAACCTCGATTGATCCC 19
At1g28510 13241R TTTGGTACATCTCAATGTCTCTTTC 19
At2g40890 9029F AGAAGTTCTGAAAGAACACGACCAG 20
At2g40890 9029R GTCTACAAACAACAACAAGAGCATG 20
At1g08040 10608F CTCTCCTCAGTGTTTCTTCAGTAGT 21
At1g08040 10608R TCTCTCTCCTCACACTCACTTGATC 21
At5g13100 7833F CTCCTCAGTGTTTCTTCAGTAGTCC 22
At5g13100 7833R CAGCCACAACTCTGAAACAGACAA 22
At4g30600 1471F CGTCTGGGGCAAATTGTAATCTAG 24
At4g30600 1471R CTTCCAAAGAGAAACCGTCTTC 24
At3g02360 2598F CTCTCCTCCTTCACGTCTTTTCCTC 25
At3g02360 2598R GAGAAACTCAGTTCTACAATCATAAA 25  
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Table 5. (Continued) 
AGI Primer Sequence OX #
At1g48850 5108F GCAATTAGGCATAATATATGTCCTA 26
At1g48850 5108R TTCTGGTGGGCACAAAATTAACATT 26
At1g80300 4728F CTGTGTATCTGCGGGAGAGAGTG 27
At1g80300 4728R CATCCTTCTTTCTTTCCCCCCC 27
At5g59320 12237F CCAACAACAAAAACATAAGCTAAG 28
At5g59320 12237R ACGCCAAAACGACGACGTAAGC 28
At3g29090 9990F CGTTACCCAAAAACCTCTGTTTCG 29
At3g29090 9990R GGTTCTTCATGATCCTTTGTTATTC 29
At5g27770 2310F CTTCTTCGTCTTCAAAGATCAAAA 30
At5g27770 2310R AAGCAAAGAGTATTACTTCAATCAAACTAC 30
At5g53560 2284F GCTGATTTCTGAGCTTCGGAGCT 31
At5g53560 2284R TCAACAAGAATCAGTCTAAGACCAA 31
At2g38670 13814F GAAGAGAACATCTGTGAGAGATCTGAG 32
At2g38670 13814R TAGTCAAAGTACAAGATGTAGATAGATTT 32
At3g27200 40047F CCGAGTTCAATTCACTAAACCAATG 33
At3g27200 40047R AAAAACAACAAGTACGAATTAATAATT 33
At2g20340 13210F CAGAGAGAGAGCTTCTGAGACATA 34
At2g20340 13210R AAGATCACCTTACTAAAGTGTACCG 34
At1g23390 1271F CCACCACATTTCTTTAGCTCAACC 36
At1g23390 1271R GAAACTAAAGAGGCAGAAAGAGCC 36
At3g17390 11915F GCGGTGACGCATATCTCCTGTATCA 37
At3g17390 11915R GATGAGAGTCAAATACCCAAAGCATCTG 37
At4g36910 1797F AAGCTCCTATCTTCTTTCTTTCTTT 38
At4g36910 1797R ACCACTTCACAGACAATCATTTGGT 38
At2g37040 8371F GCAAGATTAGTAAGTTATTGTTGTCG 39
At2g37040 8371R AATGATAACTACTATTGACTATTATTGGT 39
At1g06550 5574F CCACCATCGTCCTCTTCTCTTC 40
At1g06550 5574R TCTAAATGGTAAGGACAGCGTAcC 40
At4g24520 24175F CGGAGAAAGTTGGTCCTCTGT 41
At4g24520 24175R CAATGTCGTGAATCGCCTTAG 41
At5g51710 14582F ATGAGAAGTGCTATAGGAAGAAG 43
At5g51710 14582R CGGTTGAGTTTATAGATCGTAC 43
At1g53645 8572F TGAGGTTTTGCGTCCCGAG 44
At1g53645 8572R GATCAAGAGTGACAAAGATGGG 44
At3g48100 3235F GCCTTTGTCTCTCATTCTTCTTCT 45
At3g48100 3235R TTCCTACTGCTTTCAAGATTTGC 45
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Table 6. Sequence validated rice clones that were used to produce transgenic Arabidopsis. The barley contig is 
given, followed by the rice accession number, clone name and putative function, then assigned clone number 
and Arabidopsis genetic background in which the construct is expressed.   
Barley_1 Accession Clone Name Putative function Clone # Background(s)
24952 AK059599 001-030-E04 60S ribosomal protein L22-2, putative Os1 Col-0
9310 AK100553 J023103K14 aldose 1-epimerase family 12r Col-0
21793 AK059839 006-206-D03 C2H2-type zinc finger protein ZFP36 56r Col-0
18961 AK100412 J023087K12 heat stress transcription factor Spl7 39r Col-0
4387 AK106282 002-101-A04 OsWRKY09,   AY676927.1  26r Col-0, npr1, NahG
40326 AK109770 002-147-A06 OsWRKY14 34r Col-0
23697 AK107199 002-125-B01 OsWRKY24 38r Col-0, npr1, NahG
10167 AK108555 002-144-E10 OsWRKY26 32r Col-0, npr1, NahG
12005 AK065265 J013002K14 OsWRKY31 27r Col-0
15957 AK066255 J013058O04 OsWRKY45 28r Col-0
10168 AK066252 J013052M10 OsWRKY67 33r Col-0
7243 AK070537 J023062H03 OsWRKY9,   AY341850.1 30r Col-0
15657 AK065078 J013001K23 WRKY TF 35r Col-0
9990 AK101494 J033043C06 putative pectin methylesterase 45r Col-0
3166 AK061336 006-303-B12 RAS related protein ras11a, putative Os3 Col-0
9277 AK107650 002-131-F11 receptor-like kinase Xa21-binding protein 3 10r Col-0, npr1
49817 AK111664 J013154A15 receptor-like protein kinase 16r Col-0
4995 AK065867 J013044O08 receptor-like protein kinase 22r npr1
14582 AK104301 001-011-A08 RNA recognition motif, putative Os10 Col-0
6631 AK070726 J023059E17 root hair defective 3 gtp-binding protein Os6 Col-0
39753 AK067423 J013105O10 strictosidine synthase-related 11r Col-0
6539 AK121403 J023132A09 sugar transporter 46r Col-0, NahG
2148 AK105768 001-202-E05 sugar transporter 50r Col-0
4153 AK065207 J013002F14 sugar transporter 51r Col-0
3667 AK102841 J033109N02 transcription factor GAMyb 41r NahG , npr1
8057 AK067974 J013126L13 ubiquitin family protein 88r Col-0
16671 AK100824 J023122J02 unknown 8r npr1
3136 AK061467 006-308-C12 Zea mays  dana2 mRNA 81r Col-0, npr1,  NahG
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Chapter 5: General Conclusions 
Conclusions 
This dissertation summarizes my investigations into the effects of plant pathogens on 
host mRNA translation using the compatible Arabidopsis-Turnip mosaic virus (TuMV) and 
compatible and incompatible barley-powdery mildew (Blumeria graminis f.sp. hordei (Bgh)) 
interactions. Recent studies contrasting mRNA transcript levels associated with the 
polyribosomal RNA and total RNA fractions indicate that regulation of gene expression at 
the level of translation is influenced by stress and developmental cues and commonly affects 
the expression of many genes 1-4. In an approach novel to the study of plant-pathogen 
interactions, we conducted parallel analysis of mRNA transcript abundance in polyribosomal 
RNA and total RNA fractions in the Arabidopsis-TuMV and barley-Bgh interactions utilizing 
high-density DNA oligonucleotide microarrays. Because translation initiation is the rate 
limiting step in translation 5, 6, these studies have established which host mRNAs are actively 
translated during infection or resistance to these pathogens. Also, through parallel analysis of 
the polysomal and total RNA fractions these studies have identified host mRNAs that have 
altered translation rates in response to pathogen inoculation. 
There are relatively few previous reports of the effects of plant pathogens on 
regulation of host translation. Syringolide elicitation of the Rpg4 resistance gene in soybean 
protoplasts led to an increase in 40S, 60S, and 80S complexes and reduction of 
polyribosomes, demonstrating translational inhibition. In contrast, syringolide elicited no 
change in ribosomal RNA profile in the non-responsive rpg4 genotype versus controls 7. In 
the compatible interaction of pea cotyledons with the potyvirus PSbMV translational 
repression at the zone of viral replication was demonstrated by in situ hybridization for nine 
genes 8. Polyribosome profiling of plants inoculated with virulent fungal pathogens 
demonstrated that translational inhibition was positively correlated with symptom severity, 
with asymptomatic plants exhibiting little to no change versus controls 9. Our polyribosome 
profiling studies in the Arabidopsis-TuMV and barley-powdery mildew interactions indicate 
these pathogens did not cause host translational inhibition in whole leaf tissue at the pre-
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symptomatic time point examined. We examined tissue prior to the onset of symptoms 
producing no significant difference versus the mock or non-inoculated controls. 
The abundance of mRNA transcripts in the polysomal and total RNA fractions 
derived from the same tissue were highly correlated (R2 ~0.96) among all treatment/genotype 
combinations. These strong correlations suggest that neither powdery mildew nor TuMV 
cause dramatic uncoupling of transcription and translation initiation in their hosts. Of 
Arabidopsis and barley transcripts that were induced or repressed by at least 4 fold in 
response to inoculation (q-value 0.05) in either RNA fraction approximately 10% are only 
differentially regulated in one of the two separate RNA fractions, as shown by hierarchical 
clustering. This suggests traditional analysis of total RNA in gene expression profiling may 
incorrectly predict or fail to predict 10% of genes identified through the use of the polysomal 
RNA fraction. Of the 90% of differentially expressed transcripts that are well correlated in 
the total and polysomal RNA fractions, slight changes of transcript association with 
polyribosome fractions may account for relatively large changes in the total amount of 
translated product. These studies suggest that due to the effects of translational regulation 
10% of the differentially expressed genes in other plant-pathogen studies may be poorly 
identified from gene expression analyses utilizing non-polysomal RNA sources. This has 
likely contributed to a higher failure rate in functional analyses of genes of greater total RNA 
transcript abundance that are not correspondingly well associated with the polysomal RNA 
fraction. 
To determine if the use of polysomal RNA identified new overrepresented functional 
categories that may help more accurately characterize the host response to these pathogens, 
gene set enrichment analysis of differentially expressed genes in the polysomal RNA fraction 
was conducted and compared to results generated in the total RNA fraction. As expected, 
these gene lists were highly overlapping and correspondingly there were only minor 
differences among the significantly overrepresented functional categories, re-emphasizing a 
general agreement between total and polysomal RNA fraction results. Parallel analysis of 
total and polysomal RNA fractions in these interactions still provided a few significant 
overrepresented functional categories that had not previously been identified. Newly 
identified categories induced in both RNA fractions in the Arabidopsis response to TuMV 
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infection were modification with fatty acids, calcium binding, nucleotide binding, transport 
vesicles, and the endoplasmic reticulum. The polysomal RNA fraction alone permitting 
identification of the induction of many GTP binding and plasma membrane related genes, 
and repression of genes of the category plant hormone regulation and abscisic acid. Newly 
identified categories in the barley-powdery mildew interaction are vesicular transport genes, 
and genes involved in fatty acid modification. These categories are induced in both RNA 
fractions. Of the polysomal RNA fraction alone the categories GTP binding and proteasomal 
degradation were significantly induced. The results of these analyses add to our 
understanding of the host responses to these pathogens. 
The direct comparison of mRNA transcript abundance in total and polysomal RNA 
fractions derived from the same tissue allowed us to identify both efficiently (high poly/total 
ratio) and inefficiently (low poly/total ratio) translated mRNAs. Most of these mRNAs 
displayed conserved patterns of translational regulation, because they had a particularly high 
or low rate of translation across all the sample types tested. However, the translation rate of a 
subset of mRNAs was uniquely affected by pathogen inoculation or infection. We conducted 
gene ontology analysis on mRNAs whose translation rate was affected by inoculation. Many 
of the previously identified overrepresented categories found among differentially expressed 
genes were again overrepresented in this analysis of differentially translated genes. These 
categories often showed that induced transcripts were often more efficiently translated, while 
repressed transcripts were often less efficiently translated. This result is in agreement with 
the separate finding that chalcone synthase is both induced and highly associated with 
polyribosomes in response to syringolide treatment 7 and that Arabidopsis transcripts highly 
induced to hypoxia are significantly more highly associated with polyribosomes than are 
non-induced transcripts 1. 
Because mRNA sequence features have been shown to influence translation 10, we 
analyzed mRNA sequence features of genes that were translationally regulated in response to 
pathogen inoculation. In barley, we used rice orthologs and rice sequences as surrogates for 
the sequence feature analysis. As more full transcript sequences become available this 
sequence analysis should be conducted using barley transcripts to barley differentially 
translated genes. This will produce more accurate data that may likely produce more highly 
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significant results. In the compatible interaction between barley and powdery mildew, 
infection led to an increased ability to recruit ribosomes to mRNAs with short 5’ and 3’ 
UTRs, in addition to mRNAs with a short coding sequence and overall length. In contrast, in 
the Arabidopsis compatible response to TuMV, ribosomes were less readily associated with 
short mRNAs. Changes in ribosomal association regarding sequence feature length may 
indicate alteration of host translation elongation or termination. Both barley and Arabidopsis 
mRNAs that were differentially translated in response to pathogen inoculation show 
significant changes in 5’ UTR mono and dinucleotide frequencies and initiation codon 
sequence. 
TuMV infection of Arabidopsis caused higher ribosomal association with host 
mRNAs containing short 3’ UTRs and very long 5’ UTRs, though the average 5’ UTR length 
was not long among these mRNAs. This helped produce a significant short combined 5’ and 
3’ UTR length among mRNAs well associated with ribosomes during infection. The 5’ UTRs 
in this set with long sequences may have uncharacterized regulatory domains shared among 
this group. mRNAs more efficiently loaded following TuMV infection are very poorly 
annotated, perhaps because viral infection studies of this kind and scope are lacking. Another 
explanation of the poor annotation of these genes is that TuMV suppression of host RNA 
interference pathways may lead to the expression of transcripts that are otherwise repressed 
by post-transcriptional gene silencing 11. TuMV infection led to a decreased ribosomal 
association with mRNAs containing upstream AUG sequences. This may indicate ribosome 
reinitiation is affected during viral infection. 
The results of this dissertation demonstrate the utility of contrasting polysomal and 
total RNA fractions in gene expression analyses and support more widespread use of the 
polysomal RNA fraction in general, since it provides a better indication of the host proteome 
2. These studies also provide new insight into the regulation of host translational regulation in 
developing barley primary leaves and in the response of Arabidopsis and barley leaf tissue to 
TuMV and powdery mildew inoculation. Functional categories not previously identified as 
overrepresented and that were specifically uniquely significant in the polysomal RNA 
fractions represent a good selection of candidate genes for functional analyses. In the 
Arabidopsis response to TuMV the most promising candidates represent ER and transport 
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vesicle related genes. In the barley-powdery mildew interaction the most promising 
candidates may represent proteasomal degradation components. The identification of 
sequence features associated with pathogen induced changes in translation efficiency also 
provide many testable hypotheses. 
Recommendations for Further Research 
Translational control influences all basic biological phenomena. The results of this 
dissertation creates feasible segues into functional studies of the mechanisms underlying 
translational control in plant-pathogen interactions. In addition to functional studies of the 
interesting overrepresented functional categories suggested above using manipulation of gene 
expression and testing pathogen virulence, our results also form the basis for subsequent 
studies of the role of individual mRNA sequence features in translation. In addition to the 
analyses presented in chapters 2 and 3 that show correlations of sequence features with 
mRNAs of enhanced or repressed translation efficiency following pathogen inoculation, we 
have compiled data in barley and Arabidopsis on the set of mRNAs that have consistently 
high and low translation rates. Use of this correlative data described immediately above will 
allow study into translational control mechanisms and permit for better transgene design for 
high levels of protein expression specifically during plant-pathogen defense or more 
generally in vegetative plant tissue. Study of the mRNAs that produced and exemplify these 
significant correlative values can be used to functionally validate the microarray results. 
As initial sequence feature analyses have uncovered strong correlations with 
differentially translated genes, additional analyses may be warranted. The use of 
Brachypodium orthologs as surrogates for barley differentially translated genes may highlight 
results from rice or suggest additional alternatives, as Brachypodium is an even closer 
relative to barley than rice. Codon biases can strongly influence translational efficiency as 
can folding energy 12. Analyses of codon bias may also be conducted to see if mRNAs are 
differentially translated due to codon selection. Folding energy was evaluated for the entire 
5’ or 3’ UTR in these initial analyses. Folding energy as well as RNA secondary structure 
analysis, using a program such as Mfold 13, should perhaps be evaluated at regular intervals 
along both UTRs. This might identify particular energies associated with differentially 
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translated mRNAs, particularly near the 5’ cap and translation initiation start site. RNA 
secondary structure analysis might find potential conserved structures in the 5’ or 3’ UTRs 
that may mediate translational control during inoculation. With high throughput gene 
sequencing having been conducted in Arabidopsis this data can be mined to help validate 
potential uORFs of mRNAs differentially translated with uAUG sequences which were 
correlated with differentially translated genes. As 5’ and 3’ UTR sequence length is 
correlated with higher secondary structure and 5’ UTR length correlated with the presence of 
uORFs additional in silico tests in combination with functional tests described below can 
establish which of the observed correlations may be actual tangible phenomena. 
In the barley response to powdery mildew and the Arabidopsis response to TuMV, 
mRNA sequence length is highly correlated with ribosomal recruitment. Studies on host 
translation elongation rate should be conducted as a follow-up to this analysis to determine if 
elongation is widely affected or may only be affected in a subset of mRNA transcripts in 
these hosts. To determine if elongation is affected, constructs with varying lengths of 
different sequence features and with a common reporter gene such as luciferase or gus could 
be bombarded into plants followed by pathogen inoculation. 5’ UTR mono- and di-
nucleotides and initiation codon context nucleotides correlated with differential ribosome 
loading also merit further attention. Cloning methods that modify single bases or small areas 
of sequence can be used to study the affect of these sequences on selective mRNA translation 
in the above same reporter gene system. 
In TuMV-infected Arabidopsis, transcripts with upstream AUGs were less efficiently 
associated with the polyribosome fraction, implying uORFs are also less efficiently translated 
and that re-initiation may be affected. To further test this correlation, the myb7 rice uORF 
and a main ORF reporter gene can be used 14. Reporter gene expression could then be 
measured plus or minus TuMV to determine whether TuMV affects the translation of main 
ORFs containing uORFs. uORF translation is supported by eukaryotic initiation factor 3H 
(eIF3H) of Arabidopsis 15, while RPL24B seems to aid re-initiation of translation following 
uORF translation 16, and RPL10A negatively regulates uORF translation 17. These genes are 
not differentially expressed in response to TuMV. However, modification of eIFs and 
ribosomal proteins (RPs) is known to regulate their activity 5, 6, 18. Two-dimensional gels and 
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mass-spectrometry of eIFs and RPs may reveal specific post-translational modifications that 
occur as a result of inoculation with powdery mildew or TuMV. If post-translational 
modifications were detected, the functional relevance of this may be determined by site 
directed mutagenesis of post-translationally modified residues potentially creating negative 
or constitutively active mutations depending on the amino acid substituted. Assessment of 
host gene expression of polyribosome associated mRNAs could determine if specific 
transcripts are affected by these post-translational modifications. 
Mayberry et al. (2009) have shown varying levels of translational dependency of 
specific mRNA transcripts on specific eukaryotic initiation factors in cell free wheat germ 
extract translation systems. This was accomplished through in vitro transcription of a 
construct and adding equal amounts of transcript along with the purified eIF of interest to the 
wheat germ extract 19. Constructs made above could be retested in this assay or readily 
subcloned into the appropriate vector and evaluated for translational dependency on multiple 
eIFs. A reporter gene such as luciferase could be used or radiolabeled leucine. Use of our 
microarray data to select mRNAs that are more favorably translated following inoculation in 
construct creation may identify conserved patterns of translational dependency of these 
transcripts on a specific eIF or eIFs, which may identify a key mechanism of translational 
control in response to pathogen inoculation. 
The proposed studies described above utilizing further in silico analyses and the 
testing of various constructs to study the effects of particular sequences and sequence 
features correlated with differentially translated mRNAs would likely produce evidence 
validating these strong correlations. Use of differentially translated mRNAs in reporter gene 
assays with eIFs may also show a significant translational dependency on many of these 
mRNAs on one or a few particular eIFs. Proteomics analysis of eIFs and RPs may show post-
translational modifications occur in response to pathogen inoculation that could be further 
studied through site-directed mutagenesis. The combination of these methods may also lead 
to the discovery of common sequence elements affecting ribosomal recruitment and 
translation in plant defense. 
Potyviral infection in general relies on interaction with host eIF4e or eIFiso4e and 
modified forms or alleles of eIF4e or eIFiso4e establish potyviral resistance 20, 21, linking the 
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translational machinery to either resistance or susceptibility. For its crucial role in gene 
expression it is likely there are more examples of pathogen dependency on the alteration of 
host translation. Through a better understanding of the effect of pathogens on host 
translation, an area deserving of more attention in plant systems, my hope is this knowledge 
can be used to devise new methods of disease control. 
References 
1. C. Branco-Price, K. A. Kaiser, C. J. H. Jang, C. K. Larive and J. Bailey-Serres, Plant J., 2008, 56, 743-
755. 
2. N. T. Ingolia, S. Ghaemmaghami, J. R. S. Newman and J. S. Weissman, Science, 2009, 324, 218-223. 
3. A. Mustroph, M. E. Zanetti, C. J. H. Jang, H. E. Holtan, P. P. Repetti, D. W. Galbraith, T. Girke and J. 
Bailey-Serres, Proc. Natl. Acad. Sci. U.S.A., 2009, 106, 18843-18848. 
4. R. Skadsen and P. Jing, Mol. Breed., 2008, 21, 261-269. 
5. R. J. Jackson, C. U. T. Hellen and T. V. Pestova, Nat. Rev. Mol. Cell Biol., 2010, 11, 113-127. 
6. M. B. Mathews, N. Sonenberg and J. W. B. Hershey, Translational Control in Biology and Medicine, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2007. 
7. D. H. Slaymaker and C. M. Hoppey, Plant Sci., 2006, 170, 54-60. 
8. D. Wang and A. Maule, Science, 1995, 267, 229-231. 
9. C. H. Wu, H. L. Warren, K. Sitaraman and C. Y. Tsai, Plant Physiol., 1988, 86, 1323-1329. 
10. R. Kawaguchi and J. Bailey-Serres, Nucleic Acids Res., 2005, 33, 955-965. 
11. S.-W. Ding and O. Voinnet, Cell, 2007, 130, 413-426. 
12. T. Tuller, Y. Y. Waldman, M. Kupiec and E. Ruppin, Proc. Natl. Acad. Sci. U.S.A., 2010, 107, 3645-
3650. 
13. M. Zuker, Nucleic Acids Res., 2003, 31, 3406-3415. 
14. F. Locatelli, E. Magnani, C. Vighi, C. Lanzanova and I. Coraggio, Plant Mol. Biol., 2002, 48, 309-318. 
15. B.-H. Kim, X. Cai, J. Vaughn and A. von Arnim, Genome Biology, 2007, 8, R60. 
16. T. Nishimura, T. Wada, K. T. Yamamoto and K. Okada, Plant Cell, 2005, 17, 2940-2953. 
17. A. Imai, M. Komura, E. Kawano, Y. Kuwashiro and T. Takahashi, Plant J., 2008, 56, 881-890. 
18. V. Mauro and G. Edelman, Cell cycle, 2007, 6, 2246-2251. 
19. L. K. Mayberry, M. L. Allen, M. D. Dennis and K. S. Browning, Plant Physiol., 2009, 150, 1844-
1854. 
20. C. Charron, M. Nicolaï, J.-L. Gallois, C. Robaglia, B. Moury, A. Palloix and C. Caranta, Plant J., 
2008, 54, 56-68. 
21. S. German-Retana, J. Walter, B. Doublet, G. Roudet-Tavert, V. Nicaise, C. Lecampion, M.-C. 
Houvenaghel, C. Robaglia, T. Michon and O. Le Gall, J. Virol., 2008, 82, 7601-7612. 
 
 
 
 
 
 
 
